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ABSTRACT
Malaysia does not regulate any standard limit for Total Phosphorus, Ammoniacal
Nitrogen and Nitrate yet. The objective of this project is to characterize the
concentration ofTotal Phosphorus, Ammoniacal Nitrogen and Nitrate in the wastewater
samples taken at different points in the sewage treatment plant before and after the
rectification of the sewage treatment plant. Whenever the sewage treatment plant was
closed for system upgrading, the samples were taken at the inlet and outlet of the
oxidation pond. Methodologically, the wastewater samples were collected by using
grab sample method and auto-sampler device. Continuous experiments and tests were
carried out to the wastewater samples to record the concentration of the
abovementioned substances. The project was divided into two phases, which are before
and after rectification of the sewage treatment plant. Overall, there were no significant
improvements observed after the facility had been rectified. This indicated that the
rectification works did not help in removing in the abovementioned contaminants. As a
conclusion, the concentration of Ammoniacal Nitrogen and Nitrate in the final effluent
met the standard limit set by the Environment Protection Agency (EPA). However, the
concentration of Total Phosphorus in the final effluent was significantly and constantly
high. The existing sewage treatment plant must be upgraded so that it could function to
remove or reduce the concentration of Total Phosphorus to the accepted limit. The most
cost effective method to remove or reduce ammonia and nitrate in the sewage treatment
plant is by establishing nitrification and denitrification process within the system. Thus,
design and operating strategies for nitrification and denitrification had been briefly
discussed in Chapter 6. The design can be used by the future students to be applied to
the current treatment system. Nitrification was achieved twice during the second phase
of this project. During nitrification, the removal percentages of Ammoniacal Nitrogen
to Nitrate were 87% and 92% respectively. By combining the nitrification results with
the other team mates, it was concluded that, nitrification took place when the effluent is
equivalent to TSS - 50 mg/L, TCOD = 32 mg/L, SCOD = 18 mg/L, TOC - 18 mg/L
and MLSS - 1235 mg/L at 21/03/2007.
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CHAPTER 1
INTRODUCTION
1.1. BACKGROUND OF STUDY
Sewage treatment plant of Universiti Teknologi PETRONAS (UTP) is an extended
aeration activated sludge system that consists of an inlet/primary screen, equalization
tank, pumping station, secondary screens, grit chamber, grease chamber, two aeration
tanks in parallel, two secondary clarifier in parallel, chlorine contact tank, Parshall
flume, sludge thickener, sludge holding tank, sludge sand drying beds, dewatering
facility and an air blower/control room.
At the beginning of its operation, the influent coming into the sewage treatment plant
was only from the new academic complex. However, the facility is now receiving full
organic load and hydraulic load with the decommissioning of the north and south
oxidation ponds in August 2004 and October 2004, respectively. It served all the
student villages, cafeterias, old University Sains Malaysia (USM) buildings and the
new academic complex.
Sewage discharged from toilets, baths, showers, laundry and kitchen was disposed via
sewers line into the sewage treatment plant. It is often contaminated with toxic organic
and inorganic compound that may affect the ecological system. The contaminants
include Total Phosphorus, Ammoniacal Nitrogen and Nitrate. Thus, it is crucial to treat
the sewage first before it is being discharged out of the sewage treatment plant. Before
implementing any treatment systems, the contaminants of the wastewater flowing into
the treatment plant must be characterized first.
The characterization of the wastewater from the sewage treatment plant of UTP in
terms of the concentration of Total Phosphorus, Ammoniacal Nitrogen, and Nitrate was
the major concern to this final year project. The characterization process was carried
out i n t wo p hases, w hich a re b eforeand a fter the sewage t reatmentp lant was b eing
rectified.
Effluent coming out from the end of the sewage treatment plant will directly channeled
into the nearby river. Excessive amount of the abovementioned contaminants may enter
the receiving stream and can lead to adverse ecological and human health effects. A
major problem in the field of water pollution is eutrophication, which is defined as
excessive plant growth or algae blooms. Eutrophication can result in deterioration in the
appearance of previously clear waters, odor problems from decomposing plant growth,
and a lower dissolved oxygen level, which can adversely affect the respiration of fish
and other aquatic life (Stensel, 1991).
Besides, Nitrate and nitrite nitrogen constitutea public health concern, related primarily
to methemoglobinemia and carcinogenesis. Methemoglobinemia is a disease primarily
affecting infants and is often described as "Baby Blue Syndrome". The acute toxicity of
nitrate occurs as a result of its reduction to nitrite, a process that can occur under
specific conditions in the stomach and saliva. The nitrite ion formed oxidizes iron in the
hemoglobin molecules from the ferrous to the ferric state. The resulting methemoglobin
is incapable of exchanging oxygen. Suffocation is often accompanied by a bluish tinge
to the skin. Death may occur if the condition is left untreated (Stensel, 1991).
In order to eliminate or at least to minimize the effects, the wastewater must first be
treated within the sewage treatment plant, so that only acceptable amount of the
abovementioned contaminants will be received by the river. The cheapest way to
remove Ammoniacal Nitrogen and Nitrate is through the nitrification—denitrification
process. So, the facility must be designed so that nitrification and denitrification will
take place in the system. The designs of these two biological processes are included in
this report for the future improvements for this project.
1.2. PROBLEM STATEMENT
After the decommissioning of the oxidation ponds, most of the raw sewage was
"flushed through" the system with minimal treatment. With the increased loading, the
sewage treatment plant should be sustainable enough to function not only as the
receptor of the wastewater, but also to produce clean and treated effluent.
However, the existing sewage treatment plant had many deficiencies that need to be
rectified. The defect was identified starting from the beginning of the facility, whic;h is
the primary screen that could not be closed completely. Grit chamber and chlorination
tank have never been operated since a contractor took over the operationof the facility.
Besides, the oil and grease trap, anoxic chamber, aeration tank and clarifier didn't
function in such way they suppose to be.
All these defects will absolutely affect the operation and performances of the sewage
treatment plant, -where contaminants like Total Phosphorus, Ammoniacal Nitrogen, and
Nitrate cannot be removed efficiently. This situation may lead to some environmental
problems such as eutrophication that can kill the aquatic life, health problem among the
human beings due to direct contact with the contaminated receiving stream, as well as
bad quality to the drinking water.
Miscommunication with the contractor had become a major constraint during the
analysis of the wastewater sample. In certain aspects, the operators needed to follow the
instructions issued by the contractor company. For an instance, the operators wasted the
sludge once a week, while the project required the sludge to be kept to maintain the
amount of MLVSS in the system.
The other constraint in the characterization process is that, Malaysia does not regulate
any discharge limits for Total Phosphorus, Ammoniacal Nitrogen, and Nitrate yet. So,
every analysis made to the wastewater samples, comparisons and conclusion could not
be made whether the abovementioned contaminants were meeting the limit or not.
1.3. OBJECTIVES AND SCOPE OF STUDY
UTP Policy is to strive for excellence in all its activities including health, safety and
environment, where it shall take proactive steps towards the conservation and
preservation of the environment. The prime objective of this project is to characterize
the wastewater samples from UTP sewage treatment plant before and after rectification
was made to the current system of the facility. The characterization is in term of the
amount of Total Phosphorus, Ammoniacal Nitrogen and Nitrate available in the
samples. The results of the characterization can be used for the future works to remove
of the abovementioned contaminants from the sewage system.
For the first phase of this project, the characterization process was carried out using
samples taken from the sewage treatment plant that has not been rectified yet. The
characterization process will be continued until the second part of the project, but this
time, the characterization process was carried out using samples taken from the sewage
treatment plant that has been rectified.
Besides, the UTP sewage treatment plant has to be designed so that nitrification and
denitrification will occur in the system. Nitrification plays an important role in the
removal of nitrogen from municipal wastewater. If a facility is required to nitrify,
denitrification should be considered as well as well. This process will make a plant run
more efficiently, thus saving money, energy, and lowering sludge production by 5%.
Finally, the objective of this project is to identify the most optimum method to remove
the high amount of Total Phosphorus available in the wastewater. The selection of the
method is based on three main criteria, which are: (i) adapt easily with the current




Phosphorus is the eleventh most abundant element on earth.. It is an essential element
in the metabolism of organic organisms, especiallyto the growth of plants. Therefore it
is known as nutrient.
Phosphorus originates in wastewater from the following sources: (i) the carriage water
(usually minor), (ii) fecal and waste materials, (iii) industrial and commercial uses and
(iv) synthetic detergents and household cleaning products. (Sedlak, 1991, p.91).
Good phosphorus is called Phosphites and it is widely used for fertilization and the soil
regeneration. In the other way around, bad phosphorus is called Phosphates. Only a
minimal concentration is necessary to achieve the optimum operation of biological
treatment systems (Sedlak, 1991). Excessive amount of Phosphates can cause the alga
growth, eutrophication and the dissolved oxygen depletion.
2.1.1. Forms of Phosphorus
Phosphorus in natural waters is divided into three component parts: (i) soluble reactive
phosphorus (SRP), (ii) soluble unreactive or soluble organic phosphorus (SUP), and
(iii) particulate phosphorus (PP). The sum of SRP and SUP is called soluble
phosphorus (SP), and the sum of all phosphorus components is termed total phosphorus
(TP). Soluble and particulate phosphorus are differentiated by whether or not they pass
through a 0.45 micron membrane filter (Rigler, 1973).
2.1.2. Phosphorus Removal Methods
Phosphorus concentration in the final effluent of sewage treatment plant is governed by
the concentration of the suspended solids, which averages 3.5% of total phosphorus.
Typically, the legal limit for effluent in USA is 10 mg/L SS (EPA, 1995). However, a
new regulation of a certain regions in USA requires the limit to be 1 mg/L. Since it is
not possible to achieve the 1 mg-/L effluent limit with conventional biological
wastewater treatment processes, additional or alternative treatment methods must be
employed. This can be achieved through three treatment methods, which are: (i)
physical treatment, (ii) chemical treatment, and (iii) biological treatment.
2.1.2(a) Physical Treatment
Two t ypes o f p hysical t reatment t echnologies t hat c an b e applied i n r emovingTotal
Phosphorus from the wastewater are: (i) filtration for particulate phosphorus and (ii)
membrane technologies.
Typically, particulate forms of phosphorus will contain bacteria, algae, detritus, and
inorganic particulates such as clays, smaller zooplankton, and occasionally, larger
zooplankton, sediments, or largeplant material (Carlson, 1996). All these fractions will
be captured on the filter, preventing them from passing into the treated water stream.
However, filtration method cannot be used to capture tiny sediments.
Membrane technologies have been one of the growing interests for wastewater
treatment in general, and particularly for the phosphorus removal to replace the
conventional clarification stage. After pre-treatment (e.g. screening), raw water flows
into the aeration tank. Membrane filtration then separates the purified water from the
activated sludge. The treated water is drawn off using a low-pressure pump. The sludge
retained by the membrane creates a sludge cake outside the membrane surface. The
excess sludge is directly removed from the biological tank for dewatering.
2.1.2(b) Chemical Treatment
Chemical precipitation has long been used for the phosphorus removal. Chemicals that
are most often employed in this method are compounds of calcium, aluminum, and iron
(Tchobanoglous et al., 2003). Chemical addition points include prior to primary
settling, during secondary treatment, or as part of a tertiary treatment process
(Neethling and Gu, 2006).
Problems associated with chemical precipitation include high operating costs, increased
sludge production, sludge with poor settling and dewatering characteristics, and
depressed pH. A major concern with chemical precipitation for phosphorus removal
continues to be the additional sludge that is produced. This can be dramatic, especially
if the method selected is lime application during primary treatment (Tchobanoglous et
al., 2003). Use of alum after secondary treatment can be predicted to produce much less
sludge, but the increase could still be problematic (Strom, 2006a).
2.1.2(c) Biological Treatment
Two types of biological treatment technologies that can be applied in removing Total
Phosphorus from the wastewater are: (i) assimilation and (ii) enhanced biological
phosphorus removal (EBPR).
Biological assimilation incorporates phosphorus as an essential element in biomass,
particularly through the growth of photosynthetic organisms, such as plants, algae, and
some bacteria, such as cyanobacteria. Traditionally, this was achieved through
treatment ponds containing planktonic or attached algae, rooted plants, or even floating
plants (e.g., water hyacinths, duckweed). It is necessary to remove the net biomass
growth in order to prevent eventual decay of the biomass and re-release of the
phosphorus (Strom, 2006a).
The greatest interest and most recent progress have been made in EBPR. This is
because o f i ts p otential to a chieve a v ery 1ow ( <0.1 m g/L) 1evels p hosphorus in t he
effluent at modest cost and with minimal additional sludge production. Removal of
traditional carbonaceous contaminants (BOD), nitrogen, and phosphorus can all be
achieved in a single system.
Phosphorus a ppears i n wastewater as o rthophosphate, p olyphosphate a nd o rganically
bound phosphorus, the last two components accounting usually for up to 70 % of the
influent phosphorus. Microbes utilize phosphorus during cell synthesis and energy
transport. As a result, 10 to 30 % of the influent phosphorus is removed during
traditional mechanical/biological treatment (Metcalf and Eddy, 1991).
When enhanced phosphorus removal is desired, the process is modified, so that the
sludge is exposed to both anaerobic and aerobic conditions. Then certain
microorganisms, capable of storing phosphorus in the form of polyphosphates,
metabolize it for energy production and cell synthesis; resulting in the removal- of
phosphorus from the system through the waste activated sludge.
2.2. NITROGEN
Nitrogen is an essential ingredient in the formation of proteins for cell growth. It is also
categorized as a nutrient as every living organism needs some form of nitrogen to
survive. However, excess nitrogen discharged into the waterways can contribute to the
following consequences: (i) nitrogen in the form of ammonia is toxic to fish, (ii)
accelerate the eutrophication in waters, stimulate the growth of algae and aquatic
plants, resulting in the death of fish, and deplete dissolved oxygen in waters, exhibiting
toxicity toward aquatic life, (iii) aesthetically unsightly as presence of algae and aquatic
plants may interfere with beneficial uses of water bodies such as recreation, water
supplies and fish propagation (Stensel, 1991).
2.2.1. Forms of Nitrogen
Inwastewater, nitrogen appears in four types: (i) organic nitrogen, (ii) ammonia, either
as NH3 gas or NH4+ ions, (iii) nitrite and nitrate ions, and (iv) Total Kjeldahl Nitrogen.
Ammonia, nitrite and nitrate are all classified as inorganic nitrogen. These different
forms constitute the total nitrogencontent.
2.2.1(a) Organic Nitrogen
Nitrogen is incorporated into organic compounds and inorganic compounds due to its
ability to easily form chemical bonds with other elements such as carbon, hydrogen,
and oxygen. When elements bond together, compounds are formed (Gerardi, 2002).
Urea and proteins are the main sources of nitrogen in wastewater. These include the
product of our eating habits and food preparation, body exudates washed off in the bath
or shower and products washed from clothes: Cleaning chemicals also contribute
organic compounds in varying amounts. Bacterial decomposition of proteinaceous
matter and hydrolysis of urea transform this organic nitrogen to the ammonium ion
(Sedlak, 1991).
2.2.1(b) Ammonia and Ammonium Ions
At the beginning of the main sewer line, nitrogen is mostly in the form of organic
nitrogen. Through a process called hydrolysis, organic nitrogen begins conversion to
ammonia or ammonium. The form of nitrogen depends on pH and temperature. When
the pH of the wastewater is acidic or neutral, the majority of the nitrogen is ammonium
(NH4+). When the pH increases over 8.0, the nitrogen is mostly ammonia (NH3).
The difference between ammonia and ammonium is that, ammonia is in the form of
gas, while ammonium is in the form of ions. In water a very small percentage of NH3 is
converted into the ammonium cation (NH^).
Substances containing ammonia are called ammoniacal. Ammonium ions are the
principle inorganic compound in domestic watewarer (Gerardi, 2002). However, in the
activated sludge process, nitrification requirement is usually issued as an ammonia
(NH3) or Ammoniacal Nitrogen (NH3 -N) discharge limit (Gerardi, 2002).
2.2.1(c) Nitrite and Nitrate
Nitrite ion is the product of the oxidation of the ammonium ion by the bacteria, which
is also called as nitrification. When ammonium ions are oxidized, bacteria obtain
energy and release nitrite ions in the aeration tank (Gerardi, 2002).
Nitrification is the biological conversion of ammonium to nitrate nitrogen, and is a two-
step process. First, bacteria known as Nitrosomonas convert ammonia and ammonium
to nitrite. Next, bacteria called Nitrobacter finish the conversion of nitrite to nitrate.
The reactions are generally coupled and proceed rapidly to the nitrate form; therefore
nitrite levels at any given time are usually low (Gerardi, 2002).
2.2.1(d) Total Kjeldahl Nitrogen
Total Kjeldahl Nitrogen (TKN) is the combination of ammonia and organic nitrogen in
biological wastewater treatment.. Denitrification requirement in activated sludge




Nitrogen cycle is the process whereby nitrogen passes from the atmosphere into living
things and back into the atmosphere (Skinner, 1999). Four processes that participate in
the nitrogen cycle are: (i) nitrogen fixation, (ii) assimilation, (iii) ammonification, (iv)



















Figure 1: Nitrogen Cycle (Smill V., 2000)
Nitrogen Fixation
Nitrogen fixation is the process of converting the molecular form of nitrogen (N2) from
the atmosphere into nitrogen compounds, such as ammonia, nitrate and nitrite so that it
can be used for other chemical processes.There are four ways to convert N2 into more
chemically reactive forms, which are: (i) biological fixation, (ii) industrial N-fixation,
(iii) combustionof fossil fuels, and (iv) photons and lightning (Smil, 2000).
2.2.2(b) Assimilation
Assimilation is the process by which plants and animals incorporate the nitrate and
ammonia formed through nitrogen fixation and nitrification. Plants take up these forms
of n itrogen t hrough t heir r oots, and i ncorporate them i nto p lant p roteins and n ucleic
acids. Animalsare then able to utilize nitrogenfrom the plant tissues (Smil, 2000).
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2.2.2(c) Ammonification
Ammonification is the decomposition process of organic nitrogen back to ammonium,
which is carried out mainly by bacterial and fungal decomposers. Because it has a
positive charge, ammonium can be adsorbed and fixated onto the negatively charged
soil particles or be taken up by plants (Smil, 2000).
2.2.2(d) Nitrification
Nitrification is a process of converting ammonia to nitrites, followed by the oxidation
of these nitrites into nitrates. It is performed primarily by soil-living bacteria and other
nitrifying bacteria. The primary stage of nitrification is the oxidation of ammonia
(NH3), performed by bacteria such as the Nitrosomonas species. This bacteria converts
ammonia to nitrites (N02~). Other bacterial species, such as the Nitrobacter, are
responsible for the oxidation of the nitrites into nitrates (NO3") (Smil, 2000).
2.2.2(e) Anaerobic Ammonium Oxidation
This process is commonly known as Anammox, the latest addition to the knowledge on
the nitrogen cycle. In this type of biological process, nitrite and ammonium are
converted directly into dinitrogen gas. This process makes up a major proportion of
dinitrogen conversion i n t he 0 ceans. T he c hemical equation for t his p rocess c an b e
expressed as (NH4+ + N02- -»N2 + 2H20).
2.2.2(f) Denitrification
Denitrification is the reduction of nitrates back into nitrogen gas (N2), completing the
nitrogen cycle. This process is performed by bacterial species such as the Pseudomonas
and Clostridium (Smil, 2000). This process only occurs where there is little to no
oxygen. Some bacteria can obtain the oxygen they need for metabolism from nitrate
rather than from oxygen under anaerobic conditions (Campbell & Reece, 2002).
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2.2.3. Effects of Nitrogen-Containing Compounds
Nitrogen-containing compounds act as nutrients in streams and rivers. The toxicity of
ammonia solutionsdoes not usually cause problems for humans and other mammals, as
a specific mechanism exists to prevent its build-up in the bloodstream. Ammonia is
converted to carbamoyl phosphate by the enzyme carbamoyl phosphate synthase, and
then enters the urea cycle to be either incorporated into amino acids or excreted in the
urine (Swotinsky, 1990). However fish and amphibians lack this mechanism, as they
can usually eliminate ammonia from their bodies by direct excretion. Ammonia even at
dilute concentrations is highly toxic to aquatic animals, and for this reason it is
classified as dangerous for the environment.
Nitrate reactions in fresh water can cause oxygen depletion. Thus, aquatic organisms
depending on the supply of oxygen in the stream will die. Nitrite can produce a serious
condition in fish called "brown blood disease." It also reacts directlywith hemoglobin
in human blood and other warm-blooded animals to produce methemoglobin that
destroys the ability of red blood cells to transport oxygen. This condition is especially
serious in babies under three months of age. It causes a condition known as
methemoglobinemia or "blue baby" disease. Water with nitrite levels exceeding 1.0
mg/1 should not be used for feeding babies. Nitrite levels below 90 mg/1 and nitrate
levels below 0.5 mg/1 seem to have no effect on warm water fish (Stensel, 1991).
Due to the abovementioned potential effects, the Environment Protection Agency




The cheapest way to prevent ammonia, nitrate and nitrite from entering the receiving
stream is by establishing the nitrification and denitrification process in the sewage
treatment plant. Through nitrification, ammonia is fully converted into nitrate, leaving
little or no remaining ammonia or intermediate nitrite in the effluent. Then, the nitrate
can be converted to a harmless nitrogen gas through the denitrification process. So, all
these three contaminants are removed within the treatment system. The operating
strategy for nitrification and denitrification are discussed in details under Chapter 6.
2.3. BIOLOGICAL NUTRIENT REMOVAL
Consequences of discharge of treated effluent containing significant concentration of
nitrogen and phosphorus include: (i) Nitrogen in the form of ammonia is toxic to fish.
(ii) Discharge of nitrogen and phosphorus will accelerate the eutrophication that
exhibites toxicity toward aquatic life, (iii) Aesthetically unsightly as presence of algae
and aquatic plants may interfere with beneficial uses of water bodies such as recreation
and water supplies. Principle of the Biological Nutrient Removal (BNR) is to use the
microorganisms to remove nitrogen and phosphorus.
2.3.1. Nitrogen removal
There are three major approaches to the biological nitrogen removal, which are: (i)
separate stage carbon oxidation, nitrification, and denitrification, (ii) combined carbon
oxidation and nitrification but separate stage denitrification, and (iii) combined carbon
oxidation, nitrification, and denitrification. All of the options are illustrated in Figure 2
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Figure 2: Three Major Approaches to Biological Nitrogen Removal (Sedlak, 1991)
Separate stage nitrification involves the use of two biological processes in series. The
first one removes carbonaceous biochemical oxygen demand (BOD.), and the second
one is used to nitrify the removal of low BOD effluent from the first process. In a
combined carbon oxidation and nitrification system, the removal of BOD and
nitrification are accomplished in a single biological process. Both nitrification
approaches have been used successfully to nitrify municipal wastewaters. The choice
between them depends primarily on cost factors (Sedlak, 1991). Two options are
available to accomplish denitrification, which are: (i) separate stage denitrification and
(ii) single sludge denitrification.
Separate stage denitrification involves the use of a separate biological process to
remove nitrate-nitrogen from the effluent of an upstream biological nitrification process
(Sedlak, 1991). Either a separate stage nitrification system (Figure 8i) or a combined
carbon oxidation and nitrification system (Figure 8ii) may be used in this system.
However for separate stage denitrification, both stages require the removal of
carbonaceous BOD removal. Thus, it is necessary to add an external carbon source to
the wastewater. Methanol is normally used for this purpose.
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Two different process options are typically used for separate stage denitrification,













Figure 3: Separate Stage Nitrogen Removal System (Sedlak, 1991)
In order to avoid the operating cost associated with the continual addition of methanol
required by the separate stage denitrification process, single sludge denitrification
process has been developed, in which the carbon source present naturally in the
wastewater to sustain the denitrification process. The carbon source can be either: (i)
endogenous decay of the activated sludge, microorganisms or/and (ii) wastewater
influent to the secondary treatment system. The biological reactor consists of aerobic
zones for nitrification and anoxic zone for denitrification. This system is easily
incorporated into an existing activated sludge plant. However, it has the disadvantages
of a very low denitrification rate due to the relatively low availability of carbon from
endogenous decay and in the secondary effluent. Besides, it has the potential to release
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Figure 4: Single Sludge Nitrogen Removal System (Sedlak, 1991)
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The selection of a treatment process for nitrogen removal takes into accounts three
major factors, which are: (i) performance, (iii) operation and maintenance, and (iv)
operational cost.
2.3.1(a) Performance
Both processes can achieve high removals of nitrogen, which is between 85 to 95
percent. Similar quality of effluent can also be achieved by both processes. However,
the single sludge process does not enhance total suspended solid (TSS) in the effluent
from the process. On the other hand, separate stage process may either impede or
enhance the control of TSS in the effluent.
2.3.1(b) Operation and Maintenance
For the single sludge system, the denitrification process is controlled by the rate of
nitrate recycle in the mixed liquor to the first anoxic zone. The primary operation that
controls the performance of the separate stage system is the rate of methanol addition.
Single sludge system does not require the use of external chemical, while the separate
system stage involves the storage and handling of methanol. Methanol is flammable,
explosive, and hazardous to breath, thus special procedures are required for its safe
storage and handling (EPA, 1995).
2.3.1(c) Operational Cost
Two major operational cost items for nitrogen removal systems are electrical power and
chemicals. S ingle s ludge sy stem c onsumes m ore p ower d ue t o t he v arious r ecycling
processes. However, since UTP owns its own power generator (Gas District Cooling),
where it utilizes gas obtained from PETRONAS to generate the power system
throughout UTP, the cost for the electrical power is significantly reduced, theoretically.
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As for the separate stage denitrification system, the primary operating cost is for the
methanol. Operating labor may also be greater since more unit processes must be
operated in this system. Due primarily to the cost of the methanol, separate stage
denitrification systems generally, have higher operating cost than the single sludge
system. Table 6.1 provides the simplified qualitative comparison of two denitrification
approaches. The plus (+) sign indicates a favorable characteristic of the particular
option, and the minus (-) sign indicates an unfavorable characteristic.
Table 2.1: Denitrification Process Comparison r
Factor Characteristics Separate Stage Single Sludge
Performance
Nitrogen removal + +





Chemical storage and handling _ +
Maintenance 0 0
Cost Operating Higher Lower
The discussions above suggest that single sludge biological nitrogen removal system
will be applied for the UTP sewage treatment plant. The system is generally the most
cost-effective and the most desirable from an operational standpoint. It has an added
advantage of using technology familiar to operators of typical activated sludge system.
A separate stage system might be suitable if the facility is required to meet stringent
effluent suspended solids criteria.
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2.3.2. Phosphorus Removal
Phosphorus removal has three steps. First, the microorganism will release phosphorus
in the anaerobic zone, with the assimilation ofvolatile fatty acids (VFA). Secondly, in
the aerobic zone, the microorganisms will utilize the VFA and at the same time uptake
a significant amount ofphosphorus that is more than what they release in anaerobic
zone. This is also called "luxury uptake". Thirdly, a certain amount ofactivated sludge
(the microorganisms) will be removed, preferably everyday out of the biological
treatment system. <
The wasted activated sludge (WAS) will go to digesters for anaerobic digestion and
then be trucked out. In short, the phosphorus in influent is absorbed by microorganisms
and removed from the process and the treatment plant. Microorganisms also use some
phosphorus for their reproduction.
•The VFA exists in the raw influent. If it is not enough, fermentation ofprimary sludge
is used to generate some VFA. Without sufficient VFA, the release of phosphorus in
anaerobic zone will not take place well, andeventually the microorganisms will not
uptake a lot of phosphorus in aerobic zones, and a lot of phosphorus will go out in the
effluent, resulting in high total phosphorus in effluent.
Aerobic microorganisms in the presence of dissolved oxygen (DO) and nitrate impact
the phosphorus in anaerobic zone as they compete with phosphorus-removing
microorganisms for the use of VFA. 2.3 g VFA will be consumed for each g of DO;
about 5 g VFA will be consumed for the denitrification of each g nitrate (Stensel, 1991;
Metcalf and Eddy, 2003). Thus, it is important to minimize the DO in the raw influent
and in the return activated sludge (RAS). It is also important to minimize the nitrate in
the final effluent and in the RAS.
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Conventional activated sludge treatment was initially developed to remove
carbonaceous and nitrogenous biochemical oxygen demand (BOD) from sewage.
Activated sludge systems have been modified to enhance biological phosphorus
removal by providing aerated and non-aerated reactors in series, along with various
internal recycle systems (Sedlak, 1991). This cause the system configurations had
increased in complexity and the number ofdesign parameters involved in the processes
has also increased. Therefore, additional wastewater characteristics are necessary to
evaluate the feasibility of biological phosphorus removal and to design a biological
treatment process for phosphorus^removal.
The wastewater characteristics are emphasized on: (i) determination of COD fractions
of wastewater, (ii) determination of kinetic parameters, and (iii) determination of
nitrification and denitrification rates. These parameters can be used in biological
nutrient removal process design computerprograms such as ENBIR, which is based on
the model developed by Ekama et al. (1984), or BIOSIMTM, a menu-driven personal
computer-based simulation program that solves the equations of the International
Association on Water Pollution Research and Control (IAWPRC) (now the
International Association on Water Quality, IAWQ) task group model for activated
sludge systems extended for enhanced BPR (EnviroSim Associates 1993).
These models can be used to determine the process volume and to evaluate the effects
of COD loading, biomass concentration, and sludge age on the phosphorus and nitrogen
removal efficiencies. These methods will allow smaller wastewater treatment plants or
industries to evaluate the feasibility of BPR of their wastewater with minimum cost.
20
2.3.2(a) COD Fractions of Wastewater
Before biological phosphorus removal process design models can be used, it is
necessary to determine the various fractions of the influent COD. These fractions are
needed to accurately describe the behavior of the biological phosphorus removal
















Figure 5: Total influent COD in Various Constituent Fractions
The first major subdivision of the total influent COD (Sti) is into biodegradable (Sbi)
and unbiodegradable (SUj) fractions.
The unbiodegradable COD (Sui) consists of two fractions: unbiodegradable soluble
COD (SUSi) and unbiodegradable particulate COD (Supi). SUSi will pass through the
treatment process and be discharged with the effluent. Supi is enmeshed in the activated
sludge. The mass of Supi entering the system will equal the mass leaving the system via
activated sludge wasting. Thus, Supi has the principal effect of increasing the mixed
liquor suspended solid (MLSS) concentration.
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The biodegradable COD fraction (Sbi) is divided into readily biodegradable soluble
COD (Sbsi) and slowly biodegradable particulate COD (SbPi). Sbsi is taken up by
activated sludge in a matter of minutes and metabolized, giving rise to a high unit rate
of oxygen demand for synthesis. Sbp, must first be sorbed onto the microorganisms, and
broken d own t o s imple chemical units bye xtracellular e nzymes b efore finally b eing
metabolized by the microorganisms.
The soluble readily biodegradable fraction, Sbsi, plays an important role in biological
phosphorus removal because phosphorus-removing microorganisms sequester volatile
fatty acids (VFAs) in the Sbsi fraction, using the energy obtained from cleavage of a
phosphate bond of the polyphosphates stored within the biomass.
In the anaerobic zone of a BPR process, only the readily biodegradable soluble COD
(Sbsi) component is susceptible to fermentation to form VFAs within the short detention
time (1 - 2 hours). In seeking an explanation for the behavior of different phosphorus
release patterns, Ekama et al. (1984) found that p hosphorus release increased as the
readily biodegradable soluble COD (Sbsi) increased. Ekama et al. (1984) concluded that
a prerequisite for phosphorus release in the anaerobic zone is that the concentration of
readily biodegradable soluble COD (Sbsi) surrounding the microorganisms in the
anaerobic zone must exceed approximately 25 mg/L. Therefore, Sbsi is thought to be a
very important wastewater characteristic in the process of biological phosphorus
removal.
The experimental procedures for determining the COD fractions defined above are
attached in the Appendices.
2.3.2(b) Kinetic Parameters
The important kinetic parameters required for biological phosphorus removal process
design are listed in Table 2.2. The experimental procedures for determining the
biological kinetic parameters defined above are attached in the Appendices.
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Table 2.2: Important Kinetic Parameters in Biological Phosphorus Removal
Parameter Descriptions
Y
The cell yield coefficient defined as the mass of activated sludge or
biomass produced per unit of substrate removed (mg VSS/mg COD).
kd
The endogenous decay rate or mass ofcells lost during endogenous
respiration per unit oftime (Vday).
"max
The maximum specific growth rate. The specific growth rate, M, is the
rate ofgrowth per unit oftime (Vday).
Ks
The half-saturation constant or shape factor of the Monod equation. Ks
equals the substrate concentration (mg/L) at which /'equals 1/2 ofMmax.
qN
The specific nitrification rate, which is measured by rate ofN02"
+N03" formation (mg N02' + N03"-N/mg VSS/hour).
qD
The specific denitrification rate, which is measured by rate ofNO2"
+NO3" removed (mg N02" + N03"N/mg VSS/hour).
2.3.2(c) Nitrification and Denitrification Rates
Although the kinetics of nitrification have been modeled by zero-order and first-order
reactions, a Monod type equation expressing the effect of substrate concentration on the
growth of nitrifying bacteria has been found to fit the data in most nitrification studies
(Barnes and Bliss 1983). The effect of individual independent limiting substrates on the
specific growth rate can also be expressed. Thus, the effects of NH4+-N and dissolved
oxygen on the growth rate of Nitrosomonas are described as follows:
"corrected ("max/ r NH4+ ^ r DO
KN + NH4+ L KDo +DO_
where;
= specific growth rate ofNitrosomonas (nitrifiers) ^/hour);
KT = maximum specific growth rate ofNitrosomonas (nitrifiers) (l/hour);
Kn - half-saturation constant for NH/- N (mg/L);
DO = dissolved oxygen (mg/L); and
Kq = half-saturation constant for oxygen (mg/L).
Carlson (1971) and Christensen and Harremoes (1977) suggested that the kinetic
reaction for denitrification by activated sludge can be expressed by:
dN/dT = qDX
where;
dN/dt - denitrification rate (mg N02"+N03"-N/L/hour);
N = nitrite plus nitrate concentration (mg-N/L);
t = time (hour); and
qo = specific denitrification rate (mg~N/mg VSS/hour).
The experimental procedures for determining the nitrification and denitrification are
attached in the Appendices.
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2.4. DESIGN OF NITRIFICATION AND DENITRIFICATION
2.4.1. Introduction
Nitrification is a process of converting ammonia to nitrites by microorganism known as
Nitrosomonas, followed by the oxidation of these nitrites into nitrates by
microorganisms known as Nitrobacter.
Nitrification plays an important role in the removal of nitrogen from municipal
wastewater (, 1991). There are several physical and chemical technologies available for
nitrogen removal. This chapter provides an overview on the design of biological
nitrogen removal only, which is via nitrification process due to its cost-effectiveness
and ease of use.
Biological removal of nitrogeneous compounnds from typical municipal wastewater
involves three basic processes,- which- are: (i) synthesis, (ii) nitrifcation, and (iii)
denitrification. Synthesis is termed as incorporation of nitrogen into mirobial mass as a
result of cell growth (Sedlak, 1991).
Denitrification is the reduction of nitrates back into nitrogen gas (N2), completing the
nitrogen cycle. If a sewage treatment plant requires nitrification, denitrification should
be considered as well. Nitrification results in a loss of alkalinity and denitrification
returns the alkalinity back to the activated sludge process. Other benefits of
denitrification include protecting the quality of the receiving water, permit compliance,
strengthening of the floe particles, control of undesired filamentous growth, and cost-
savings for the treatment or degradation of cBOD (Gerardi, 2002).
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2.4.2. Operating Strategy for Nitrification
This section discusses in brief the steps and calculation needed for nitrification to occur
in the activated sludge system. The steps include: (i) calculation of oxygen required for
nitrification, (ii) calculation of alkalinity required for nitrification, (iii) calculation of
target Mean Cell Residence Time, (iv) calculation of current actual Mean Cell
Residence Time, and (v) consideration of other nitrification factors.
2.4.2(a) Calculation of Oxygen Requirement for Nitrification
Nitrification starts when Nitrosomonas bacteria convert the ammonium ions to nitrite
ions. During this stage, the amount of oxygen and alkalinity required to complete this
process are 3.43 lb/lb N oxidized and 7.14 lb as CaC03/lb N oxidized respectively.
At the second stage, Nictobacter bacteria convert the nitrite ions produced- from the first
stage to nitrate ions. During this stage, the amount of oxygen required to complete this
process is 1.14 lb/lb N oxidized. No alkalinity is required in this stage. Therefore, for
both reactions, the total of oxygen and alkalinity required are 4.57 lb/lb N oxidized and
7.14 lb as CaC03/lb N oxidized respectively.
In o rder toe alculate t he o xygen r equirement for n itrification, five d ata are required,
which are: (i) flow rate of influent, (ii) TKN concentration in influent, (iii) BOD5
concentration in influent, (iv) percent of TKN removal, and (v) percent of BOD5
removal. The following equation is used in order to determine the oxygen required for
the nitrification process. The result of is reported in the unit of pounds of oxygen per
day(lb02/day).
02 = (QinflueoO (TKNinfllient) (100% - % TKN removal) (4.57 lbs of 02) (8.34) (i)
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2.4.2(b) Calculation of Alkalinity Required for Nitrification
As mentioned in section 6.5.1, the total alkalinity required for the nitrification process
is 7.14 lb as CaC03/lb N oxidized. When adopting nitrification to a real plant, the
alkalinity has to be calculated using the following equation. The result is reported in the
unit of mg/1 alkalinity as CaC03 consumed.
Alkalinity = TKNefflueilt x 7.14 lb as CaC03/lb N oxidized (2)
Sufficient alkalinity must be present for nitrification to take place. Alkalinity must be
controlled so that the value should not drop below 50 mg/1 at any point in the process.
2.4.2(c) Calculation of Target Mean CeU.Residence Time (MCRT)
Mean Cell Residence Time (MCRT) is the key factor in achieving nitrification. As
temperature increases, nitrifier growth rate increases. Typical temperature is within the
range of 4° C to 35° C. In addition, as nitrifier growth rate increases, required MCRT
decreases. As the rule of thumb, for every 10° C increase in temperature, nitrifier
growth rate doubles, required MCRT is cut in half and required MLSS concentration is
also reduced (Gerardi, 2002).
The nitrifying bacteria are slow growers and require a much longer MCRT. Equation
below is used to calculate the maximum rate of the nitrifier growth. Nitrifier growth
rate is denoted by u,
JW = (0.65) (1.055) (T-25) (3)
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T represents temperature in ° C. The first step in determining the target MCRT is by
calculating the nitrifier growth rate at the desired temperature. The unit for the equation
is 1/day. Table 6.2 describes how the temperature affects the nitrification process,
followed by Table 6.3, describing how temperature affects MCRT.
Table 2.3: Temperature and Nitrification
Temperature Effect upon Nitrification
>45°C Nitrification ceases
28°C-32°C Optimal temperature range
16° C Approximately 50% of nitrification rate at 30°C
10° C Significant reduction in rate, approximately 20% rate at 30° C
<5°C Nitrification ceases
Table 2.4: Temperature and MCRT Required for Nitrification
Temperature Mean Cell Residence Time (MCRT )
10° C 30 days
15°C 20 days
20° C 15 days
25° C 10 days
30° C 7 days
Once the maximum nitrifier growth rate is obtained, it is required to determine the
minimum MCRT, which can be calculated by using the following equation:
Minimum MCRT = 1 (4)
l^max ~ «^d
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k<i is the endogenous decay coefficient, reported in the unit of l/day. It accounts for the
loss in cell mass due to oxidation of internal storage products for energy for cell
maintenance, cell death, and predation by organisms higher in the food chain (Metcalf
& Eddy, 2004). The value of kd can be determined from the batch test or by using
respirometer. The methods are attached in the Appendices. For a simplification, the
value of kd at 10°C is 0.02 l/day and the value decrease 0.01 for every 5°C increment
of temperature. The next step is to calculate the corrected growth rate for ammonia and
dissolved oxygen concentration before determining the target MCRT. Both corrected
growth rates can be calculated in one single calculation as the following:
^corrected vl^max) IN.H.4+ r DO ^ (5)
v KN + NH4+, v. KD0 + DO,
Kdo is half-saturation constant for dissolved oxygen and typical value used is 1.0 mg/L.
Kn is half-saturation constant for ammonium. Stehr et al (1995) reported Kn is
measured as half of the maximum oxidation rate, which is ranging from 0.42 to 1.05
mg/L. Oxidation rate is a measurement of how fast ammonium is oxidized to nitrate.
The ammonium oxidation rates are commonly 1 - 3 mg/g/hour (Barnes and Bliss 1983).
Sample procedure to determine the oxidation rate is attached in the appendices. Once
the corrected nitrifier growth rate is obtained, the target MCRT can be calculated by
using the following equation:
Target MCRT = (6)
M corrected kd
As a guideline, the dissolved oxygen concentrations should not drop below 2.0 mg/L.
Low dissolved oxygen readings can lead to loss of or inhibition of nitrification.
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2.4.2(d) Calculation of Current Actual Mean Cell Residence Time (MCRT)
Practically, the current actual MCRT represents the average number of days the solids
or biomass remain in the system. It can be determined by dividing the amount of
biomass in the system with the amount of biomass wasted. The step by step of the
calculation processes are described as the following:
MCRT (days) = Biomass in system (lbs) (7)
Biomass wasted (lbs per day)
Biomass in - Aeration Tank Volume x MLSS x 8.34 ('
System (lbs) (million gallons) (mg/L)
BiomaSS —QwAS X MLSSwAS X QsecondaryEffluent X TSSsecondaryEffkient X 8.34
Wasted (mgd) (mg/L) (mgd) (mg/L)
The abovementioned MCRT has to be calculated on the daily basis for at least a week.
The daily MCRT results versus date need to be plotted so that the data could be studied.
It should be bear in mind that the current actual MCRT must not rely on a single day's
MCRT calculation as the variation would vary significantly.
It is advisable to use a running average over a period approximately equal to the
MCRT. For example, if MCRT is about 7 days, use a 7-day running average. The
purpose of having the running average is to smooth out spikes in the graph. Some
programs that can be used include Microsoft Word or Visual Studio.
The current actual MCRT must be adjusted so that it could meet the designed target
MCRT. The adjustment could be made either to the amount of biomass in the system or
amount of biomass wasted from the system.
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2.4.2(e) Consideration of Other Nitrification Factors
Five factors that affect MCRT, as discussed previously, include temperature, alkalinity,
as well as ammonia and dissolved oxygen concentration. Besides MCRT, the design
should be checked in terms of the other nitrification factors, which are, toxic
compounds, pH, and cBOD removal.
Toxic Compound
The nitrifying bacteria will be the first to die off if the facility is impacted by toxic
compounds such as heavy metals, cyanide and some organic chemicals. Nitrification
can break down quickly and takes several days or weeks to re-establish. Thus, removal
methods should be established to remove the toxic compound from the facility so that
nitrification may take place efficiently. Besides, the application of flow equalization
maymitigate the effects of the toxic compounds.
cBOD Removal
Soluble cBOD must be significantly reduced, typically down to 20-30 mg/L before
nitrification can take place because of its ability to enter the cells of nitrifying bacteria
and inactive their enzyme systems. This form of cBOD must be degraded significantly
or completely by organotrophs in the aeration tank for the nitrifying bacteria to oxidize
ammonium ions and nitrite ions (Gerardi, 2002)
pH
Nitrification proceeds much more slowly at low pH, but higher pH would adversely
affect many organotrophs that are required to degrade cBOD (Gerardi, 2002).
Nitrification works best at pH greater than 6.5. The optimum range is from 7.0 to 8.0.
Inhibition can take place at pH is below 6.5 or above 8.0.
31
2.4.2(f) Sample of Calculation
This section provides a sample calculation to determine the target mean cell residence
time in order to achieve nitrification. All the given data were assumed due to
insufficient experimental data.
Assume: Plant Influent Flow -10 mgd
Plant Influent TKN - 35 mg/1
Plant Influent BOD5 = 180 mg/1
BOD5 Removal in Primary Clarifier = 30%
TKN Removal in Primary Clarifier = 10%
Temperature = 30° C
Effluent NH/-N-1 mg/L
DO -3 mg/L
MLSS = 2200 mg/L
Aeration Tank Volume ~ 2 MG
1. Oxygen Required for Conversion of Ammonia to Nitrate
02 - (Qi„flUent) (TKNillflue[lt) (100% - % TKN removal) (4.57 lbs of 02) (8.34)
= (10 mgd) x (35 mg/1) x (0.9) x (4.57) x (8.34) = 12,006 lbs 02/day
2. Alkalinity Consumed by Nitrification
Alkalinity = TKNeffiuent x 7.14 lb as CaC03/lb N oxidized
-(31.5 mg/1) x (7.14)
- 225 mg/1 alkalinity as CaC03 consumed
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3. Target Mean Cell Residence Time




























2.4.3 Operating Strategies for Denitrification
In order to establish denitrification process in the activated sludge system, five factors
are taken into consideration, whichare: (i) design of anoxic zone, (ii) carbon source,
(iii) nitrate recycle, (iv) dissolvedoxygen, and (v) mixing equipment.
2.4.3(a) Design of Anoxic Zone
Denitrification is the process of converting nitrate into nitrogen gas. The key point to
denitrify is by establishing the anoxic conditions in the activated sludge process,
whether before or after the aeration tank. In UTP, the facility is designed for the pre-
denitrification process, where anoxic zone is placed at the beginning of the activated
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Figure 6: Layout of UTP's Anoxic Zone
In the aerobic zone, nitrification takes place and produces nitrate. A portion of the
mixed liquor is returned to the head end of the anoxic zone for a source of nitrate. In the
anoxic zone, the lack of elemental oxygen causes the bacteria to derive their oxygen
chemically and they therefore convert the nitrate to nitrite and ultimately nitrogen gas.
The anoxic zone must be designed to meet the required anoxic volume. As the rule of
thumb, the required anoxic zone volume will be about one third of the aerobic volume.
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2.4.3(b) Carbon Source
In the anoxic zone, there must be a carbon source for denitrification to take place.
Typically influent raw wastewater is used for this source. The carbon source is needed
by the denitrifying bacteria as the source of energy for the denitrification process.
Organic compounds like methanol and acetic acid can also be added to a denitrification
tank to fully denitrify it (Gerardi, 2002).
2.4.3(c) Nitrate Recycle
An adequate supply of nitrate is needed in the anoxic zone. Thus, a portion of mixed
liquor from the aeration tank must be recycled to the anoxic tank for the source of
nitrate. The recycle rate of about 200% of the influent flow rate is needed, where it can
remove 67% ofnitrogen.
2.4.3(d) Dissolved Oxygen
Dissolved oxygen (DO) must be depleted in the denitrification process. The value
should be below 0.3 mg/L as dissolved oxygen levels above 0.3 mg/L will start to
inhibit the denitrification process. In order to achieve this, it is important to provide
mixing in the anoxic zone, but not aeration. Low or cyclical aeration is acceptable.
Cyclical aeration involves an on and off aeration.
2.4.3(e) Mixing Equipment
Denitrification requires a mixing to be established in the anoxic zone by the means of
pulsed or cycled air, submersible mixers or vertical mixers. As the rule of thumb, the
required mixing power will be about 1 HP per 15,000 gallons of anoxic zone volume.
For an instance, 45,000 gallons ofanoxic would require approximately 3.0 HP.
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2.4.4 Facility Design
Sometimes, the design of MCRT cannot achieve the desired nitrification due to
insufficient data or lack of time. Alternatively, nitrification may be achieved through a
proper design to the facility. The facility design includes the modification or
improvement made to the aerobic zone, anoxic zone, recycle pumping and the
secondary clarifier.
2.4.4(a) Aerobic Zone
The design of the first aerobic zone may be viewed simply as the aeration basin for a
nitrifying sludge system. The aeration tank must have an efficient oxygen transfer for
nitrification to occur. Three types of aeration equipment normally used in activated
sludge system are: (ii) mechanical surface aerators, (ii) fine or coarse bubble diffused
air systems, and (iii) submerged turbine aerators.
Mechanical surface aerator offers little maintenance but it has a limited turndown
capability. Diffused air system is well-suited to nitrification since it has wider turndown
range. The sewage treatment system of UTP is currently using this type of system in its
aeration tank. As an option, submerged turbine aerators can also be used. The
advantage of this equipment over diffused air system is in terms of turndown capability.
This type of aerator can easily be converted to a mixer by simply shutting off the air
flow. This can provide additional system flexibility in a plug flow basin configuration
by allowing adjustment of the aerobic and anoxic zone.
2.4.4(b) Anoxic Zone
Anoxic zone has two basic features, which are: (i) a basin of sufficient volume and (ii)
sufficient mixing of the contents to maintain the microbial solids in suspension without
transferring oxygen to the content (Sedlak, 1991).
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Anoxic zone should be designed to allow floating solids to exit the system, not to
simply trap them as it can result in significant accumulation of scum. The best way to
achieve this is by installing a submerged turbine mixer in the anoxic zone. In such a
design, floating solids can pass from one zone to another, finally exiting the aeration








Figure 7: Typical Submerged Turbine Mixer
Recycle Pumping
The recycle of mixed liquor from the first aerobic zone to the first anoxic zone is
generally accomplished by pumping. The pumps should be located near the
downstream end of a plug flow aerobic chamber. The pumps should not be located
immediately adjacent to an aeration device so that the amount of dissolved oxygen
(DO) returned with the mixed liquor will be minimized (Sedlak, 1991).
2.4.4(d) Secondary Clarification
Some nutrient removal systems have a tendency to develop a troublesome scum that
can cause odour problems and degradation of the plant effluent quality (Nigel, 1994).
Thus, the system should be designed to allow floating solids to pass to the secondary
clarifier. The clarifier mechanism should include a full radius rotating skimmer device





Figure 8: Typical Rotating Skimmer Device
This device includes a pipe with a slot cut along the centerline on one side to serve as a
weir. As the full radius scum skimmer sweeps towards the pipe, the pipe rotates
downward and a water mixture (scum) flows over the weir edge and into the pipe. The
mixture then flows to one end of the pipe where it is discharged to the scum pumping
facilities. Collected scum must be wasted from the system and not to be recycled.
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CHAPTER 3
MATERIALS, EQUIPMENTS AND METHODOLOGY
3.1. MATERIALS AND EQUIPMENTS
3.1.1 Wastewater Sample
For the first part of this final year project, the characterization of wastewater required
the raw samples of the wastewater influent, taken both from the UTP sewage treatment
plant as well as the oxidation pond.
For the second part of the project, the samples were taken at five-different points in the
UTP's sewage treatment plant, which are at: (i) influent, (ii) anoxic inlet, (iii) aeration
inlet, (iv) aeration outlet, and (v) effluent. Whenever the sewage treatment plant was
closed for the rectification purpose, the samples were collected from the inlet and outlet
of the oxidation pond.
3.1.2 Chemical Reagents
In order to identify the amount of Ammoniacal Nitrogen and Total Phosphorus that
present in the wastewater samples, two sets of reagents were used, which are the
Ammoniacal Nitrogen reagent set and the Total Phosphorus Test 4N Tube reagent set.
Ammoniacal Nitrogen reagent set consists of the Nessler's reagent, mineral stabilizer,
Polyvinyl Alcohol dispersing agent and the deionized water. However, during the
second part of this project, the Ammoniacal Nitrogen in the wastewater samples was
determined by using the ammonia probe. Chemical reagents that cooperated with the
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probe include the Ammonia Ionic Strength Adjuster powder pillows and Nitrogen-
Ammonia Standard Solutions (10 mg/L and 100 mg/L).
Total Phosphorus Test 'N Tube reagent set consists of PhosVer 3 Phosphate reagent
powder pillows, Pottasium Persulfate powder pillows, 1.54 N Sodium Hydroxide
solution, Total and Acid Hydrolyzable test vials and the deionized water.
The only chemical reagent that was used to determine the amount of nitrate in the
wastewater samples is NitraVer 5 nitrate reagent powder pillow. All the reagents were
ordered from the Hach Company.
3.1.3 Laboratory Apparatus
Like any other laboratory experiments, the basic apparatus that often be used include
beakers, pipetteand stirrer. In the experiment to determine the amount of Nitrate in the
wastewater sample, square sample cells were used.
In the experiment to determine the amount of Total Phosphorus contained in the
wastewater sample, Digital Reactor Block of DRB 200 type was used to heat the Total
and Acid Hydrolyzable test vials so that the sample inside the vials couldbe digested.
Spectrophotometer of DR 2800 type was used at the end of each experiment in order to
get the reading of the amount of Total Phosphorus, Ammoniacal Nitrogen and Nitrate
contained in the wastewater samples. The square sample cell, spectrophotometer and




Sampling was performed by grab sampling method. Grab sampling is collected at one
time. It reflects performance only at the point in time that the sample was collected, and
then only if the sample was properly collected. The samples were also collected by
using the auto-sampler device every once in a while. The device will automatically
collect the sample every hour for 24 hours. A minimum of 3 water samples for each
analysis were taken to avoid any ambiguities during the analysis.
3.2.2 Preservation
Once the samples were taken, the analyses on the samples were carried out in the
laboratory. When it is not possible to analyze the collected samples immediately,
samples can be preserved up to 3 days by storing them at 4 °C. The sample was then
being warmed to the room temperature.
3.2.3 Laboratory Analysis
Laboratory analysis was performed to analyze the amount of Total Phosphorus, Nitrate
and Ammoniacal Nitrogen available in the wastewater samples. Brief descriptions for
each experiment areexplained in the nextparagraphs. The detailed experimental works
were carried out as illustrated in the diagrammatic standard operating procedures in the
HACH Water Analysis Handbook, attached in the Appendices.
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3.2.3(a) Total Phosphorus Procedure
The analysis for Total Phosphorus is based on Method 8190 in the Water Analysis
Handbook, which is the PhosVer® 3 with Acid Persulfate Digestion Method. The
analysis was carried out by diluting the wastewater samples first, so that a valid
measurement can be made since the workable range often falls within only a few mg/L
Phosphates present in the sample must be converted to reactive orthophosphate first by
heating the sample with acid and persulfate (HACH, 2003).
3.2.3(b) Ammoniacal Nitrogen Procedure
During the first part of the final year project, the amount of Ammoniacal Nitrogen in
the wastewater sample was determined by using the Nessler Method, as instructed in
Method 8038 in the HACH Water Analysis Handbook. The addition of mineral
stabilizer solution is to prevent cloudiness caused by the calcium and magnesium
concentrations that may present in the samples. A yellow colour will develop if
ammonia is present in the samples.
During the second half of the project, the analysis was carried out by using the
ammonia probe. The analysis required the probe to be calibrated first by using the
Ammonia Standard Solutions (10 mg/L and 100 mg/L), added with the Ammonia Ionic
Strength Adjustor powder pillows. The same powder pillows were added into the
samples before being read by the probe.
3.2.3(c) Nitrate Procedure
The analysis for Nitrate is based on Method 8039 in the Water Analysis Handbook,
which is the Cadmium Reduction Method. It is a colorimetric method that involves
contact of the nitrate in the sample with cadmium particles, which cause nitrates to be
converted to nitrites. This method requires the samples being treated are clear. If a






















11.00am (13/08/06) 11,30am (15/08/06) 12.30 pm (12/8/06) 4.30 pm (11/8/06)
—&— influent 32.5 39.2 30.8 46.3
•>*#=AnoMclntet 36.8 41.3 41.9 51.1
-•-Aeration Inlet 30.9 31.1 36 36.1
Aeration Oiitet 33.6 35.8 40.2 34.6
-•-Clarifier 27.8 32.9 23.2 31.1
•"•-Effluent 29.6 29.9 27.4 34.9
Sampling Hour
Figure 9: Graph ofTotal Phosphorus versus Sampling Hour before Rectification
Figure 2 shows the graph of Total Phosphorus at different sampling points versus the
time (sampling hour) for the wastewater samples takenfrom the sewage treatment plant
that had not been rectified yet.
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From the graph, it can be seen that at every sampling date, the highest amount of Total
Phosphorus were recorded at the samples taken from the anoxic inlet. It is due to the
anoxic chamber that is the placed where the recycling of the return activated sludge
takes place. All sediments entering the clarifier will be returned back at the head of the
anoxic chamber, causing the amount of Total Phosphorus to be higher there.
The lowest concentration of Total Phosphorus in influent was recorded from the sample
taken on 12/08/2006 at 12.30 pm. This indicates that discharges containing phosphate
element were low between 9.00 am to 12.30 pm since the wastewater would take about
three hours to reach the inlet of the sewage treatment plant. Students were normally
having their lectures during that period of time. However, the concentration of the
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11.00 am (13/08/06) 11.30 am (15/08/06) 12.30 pm (12/08/06) 4.30 pm (11/08/06)
Sampling Hour
Figure 10: Percentage Removal ofTotal Phosphorus before Rectification
Figure 7 shows the removal percentage of Total Phosphorus for the samples taken
before the rectification process of the sewage treatment plant. Removal percentage
defines the difference in the concentration of contaminants between effluent and
influent. The percentage was not constant. The highest removal percentage was
recorded at 4.30 pm on 11/08/2006, which was 25% and the lowestpercentage was 9%,
recorded at 11.00 am on 13/08/2006.
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31/1/07 9/2/07 ^A/2107 7/3/07 9/3/07 14/3/07 21/3/07 6/4/07 11/4/07 13/4/07
™«~ Influent 162.08 266.14 184.51 186.17 390.40 175.19 276.29 173.68 173.81 173.55
™*™*Anoxic Inlet 271.46 327.50 284.15 252.06 574.16 328.40 493.72 306.84 277.41 230.47
-•—Aeration Inlet 147.23 246.50 172.66 147.74 330.00 153.65 225.34 157.68 174.98 174.05
Aeration Outlet 184.09 319.81 256.47 242.97 545.12 283.21 315.07 166.50 211.47 213.63
-•-Effluent 157.99 225.65 183.43 88.06 293.14 135.24 181.56 153.01 134.92 148.78
Sampling Date
Figure 11: Graph ofTotal Phosphorus versus Sampling Date after Rectification
Figure 3 shows the graph of the Total Phosphorus at different sampling points versus
the time (sampling date) for the wastewater samples taken from the sewage treatment
plant that had undergone a series ofrectification processes.
Similar to Figure 2, the highest amount of Total Phosphorus at every sampling date
were recorded at the samples taken from the anoxic inlet. However, after the
rectification processes, the amount of Total Phosphorus at every sampling points were
increasing tremendously which were approximately 6 to 8 times the values obtained
before the rectification process. It shows that the current sewage treatment plant is not
capable to remove Total Phosphorus from the system.
Experimental analysis carried out on 09/03/2007 and 21/03/2007 had resulted in very
high concentrations of Total Phosphorus at every sampling point. It was due to the
operator of the sewage treatment plant who closed the flow a day before each
experiment was carried out. Total Phosphorus was accumulated for 2 days resulting in
higher concentrations compared to the other sampling days.
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Almost all organic and inorganic materials contain phosphate element. So, the sources
of phosphorus contamination are very wide. These include food, supplement,
cosmetics, toothpaste, pharmaceuticals products, fertilizers, household cleaning
products, paint, lubricant emissions and human and animal waste. AH these sources
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Figure 12: Percentage Removal ofTotal Phosphorus after Rectification
Figure 9 shows the removal percentage of Total Phosphorus for the samples taken after
the rectification process of the sewage treatment plant. The highest removal percentage














13/08/06 15/08/06 12/8/2006 11/8/2006
-*- Influent 18.2 18.2 19.6 22.5
-~®-Ano)cJc Wet 18.1 1.9.0 12.0 25,2
-•—Aeration frilet 15.5 19.8 14.7 22.2
Aeration Outlet 14.8 16.3 16.0 18.1
^^Clarifier 15.0 22.4 18.0 21.3
-♦-Effluent 12.8 13.4 17.3 17.9
Sampling Hour
Figure 13: Graph ofAmmoniacal Nitrogen versus Sampling Hour before Rectification
Figure 5 shows the graph of Ammoniacal Nitrogen at different sampling points versus
the time for the for the wastewater samples taken from the sewage treatment plant that
had not been rectified yet.
For all these samples, the laboratory analysis was conducted by using the Hach
Ammonia Reagents. For the second part of the project, the laboratory analysis for
Ammoniacal Nitrogen was conducted by using the ammonia probe. The results were
almost similar, but the procedures were quick and easier. For the first phase of the
project, determination of the nitrification process was not the main concern due to the
time constraint. However, it could be observed that there were not any nitrifications
took place as the concentration of Ammoniacal nitrogen was almost constant














Removal Percentage of Ammoniacal Nitrogen
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11.00 am (13/08/06) 11.30 am (15/08/06) 12.30 pm (12/08/06) 4.30 pm (11/08/06)
Sampling Hour
Figure 14: Percentage Removal ofAmmoniacal Nitrogen before Rectification
Figure 11 shows the removal percentage of Ammoniacal Nitrogen for the samples
taken before the rectification process of the sewage treatment plant. The highest
removal percentage was recorded at 11.00 am on 07/03/2006, which was 26% and the
lowest percentage was 12%, recorded at 12.30 pm on 12/08/2006.
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7/3/07 9/3/07 14/3/07 21/3/07 6/4/07 11/4/07 13/4/07
-•©—influent 23.13 18.72 15.24 24.03 22.63 49.37 15.79
•™@™ Anoxic Inlet 24.17 16.69 12.43 25.13 24.93 51.00 14.83
-•—Aeration Inlet 20.83 13.24 2.13 1.73 23.47 61.00 14.43
Aeration Outlet 20.90 12.55 0.63 0.85 24.50 66.50 14.32
-•- Effluent 19.86 10.76 1.94 1.94 21.40 41.30 13.55
Sampling Date
Figure 15:GraphofAmmoniacal Nitrogen versus Sampling Dateafter Rectification
Figure 5 shows the graph of Ammoniacal Nitrogen at different sampling points versus
the time for the for the wastewater samples taken from the rectified sewage treatment
plant. The overall results followed the same pattern of fluctuation, where the highest
values were recorded at the anoxic inlet, except for the last three points that gave a
slight difference inthe variation. This might due tothe rectification progress carried out
throughout the week.
The sewage treatment plant had managed to achieve nitrification for two consecutive
days, which were on 14/03/07 and 21/03/07 respectively. Nitrification was indicated
by the sudden drop in the amount ofAmmoniacal Nitrogen from the aeration inlet and
onwards. At the same time, there were sudden increments in the amount of Nitrate from
the samples taken at the same points. It shows that ammonia had been converted to
nitrate, which is a part of the nitrification process.
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Besides, nitrification also when the effluent is equivalent to TSS = 50 mg/L, TCOD -
32 mg/L, SCOD - 18 mg/L, TOC - 18 mg/L and MLSS - 1235 mg/L at21/03/07.
However, the facility had been closed for a few days for the rectification purposes.
Experimental analysis carried out on 06/04/2007 was carried out 3 days after the
facility was reopened. The rectification might have impacted the nitrifying bacteria.
The nitrifying bacteria will be the first to die off if the facility is impacted by toxic
compounds such as heavy metals, cyanide and some organic chemicals. Nitrification
can break down quickly and takes several days or weeks to re-establish. It also explains
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7/3/07 9/3/07 14/3/07 21/3/07 6/4/07 11/4/07 13/4/07
Sampling Date
Figure 16: PercentageofAmmoniacal Nitrogenafter Rectification
Figure 13 shows the removal percentage of Ammoniacal Nitrogen for the samples
taken after the rectification process of the sewage treatment plant. The highest removal
percentage was recorded on21/03/2007, which was 92% and thelowest percentage was
5%, recorded on 06/04/2007. The highest removal percentage was due to the
nitrification process that converted the ammonia to nitrate.
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4.3. NITRATE
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7/3/07 9/3/07 14/3/07 21/3/07 6/4/07 11/4/07 13/4/07
"-©-"Influent 0.20 0.13 0.13 0.03 0.50 0.40 0.13
™©— Anoxic Inlet 0.20 0.13 0.13 0.03 1.37 1.27 0.93
-•—Aeration Inlet 0.40 0.80 4.50 10.50 0.83 0.90 0.80
Aeration Outlet 0.47 0.93 5.30 11.43 0.87 1.33 0.83
-•-Effluent 0.63 0.50 4.10 8.23 0.70 0.27 1.07
Sampling Date
Figure 17: Graph ofNitrate versus Sampling Date after Rectification
Figure 2 shows the graph of Nitrate at different sampling points versus the time. The
graph fluctuations follow the same pattern where the highest values were obtained at
the aeration outlet.
From the graph, it can be seen that the anoxic inlet was not working properly from
07/03/2007 to 21/03/07, which were before rectification was made to the facility. It was
indicated by the same values of concentration recorded at influent and the anoxic inlet
during that period of time.
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As mentioned earlier under Section 5.2, nitrification had occurred twice which were on
14/03/07 and 21/03/07 respectively. Nitrification was indicated by the sudden drop in
the amount of Ammoniacal Nitrogen from the aeration inlet and onwards. At the same
time, there were sudden increments in the amount of Nitrate from the samples taken at
the same points. It shows that ammonia had been converted to nitrate, which is a part of
the nitrification process.
Starting from 06/04/2007 and onwards, the concentrations of had gradually decreased,
while the concentration of Ammoniacal Nitrogen was increased. It proves that the
rectification process had inhibited the nitrification process, where the ammonia could
not be converted to nitrate.
4.4. OXIDATION POND
Laboratory analysis for the grab samples taken at the oxidation pond was carried out
only once, on the 28/03/2007 during the rectification of the sewage treatment plant.
Table 5.1 below shows the summarized result for the samples taken at the inlet and
outlet of the oxidation pond:








Influent 196.92 16.64 -0.23
Effluent 179.09 9.04 -0.9
The negative values indicate that the concentration of nitrate were very low and below
the range detected by the spectrophotometer. The rest of the results discussed under this
section were the results taken at the influent of the oxidation pond only by using the 24-












8.00 9.00 10.00 11.00 12.00
504.1 446.6 445.8474.0
473.3 533.5 488.9481.7 443.8
225.3 228.3173.7 195.9 148.6
Total Phosphorus versus Time
13.00 14.00 15,00 16.00 17.00 18.00 19.00 20.00 21.00
417.8 544.8 413.2 395.6 548.0 443.4 443.1 394.3
442.8 465.6458.8 473.2 450.0694.5 504.3 466.4 463.3
143.3 194.8 162.0 194.4 133.8 127.7 115.8 116.0 2745
22.00 23.00 0.00 1.00 2.00 3.00 5.00 6.00
526.9 510.4 467.0 418.5434.4 427.0 439.7 460.6 596.6
548.1 453.0 493.3 448.8 439.8 486.6 550.6 534.7473.6
1425 243.7 171.1 204.9 135.9 184.7 1422 150.3 191.3
"^-Tuesday 187.0 191.3 184.4 203.9 241.9 142.7 154.2 138.3 227.4160.9 153.6 209.4 194.1 137.8 131.1 1502 197.0 167.4 175.8134.8106.9137.8147.1 1B8.8
Time
Figure 18: Graph ofTotal Phosphorus Nitrogen Concentration in Influent of Oxidation
Pond versus Time during Fasting Month
Figure 7 shows the variation of Total Phosphorus with time for four wastewater sample,
taken from the influent of the oxidation pond. Four samples were collected at different
days by using the automatic sampler device.
From the graph, the highest amount of Total Phosphorus is 694.8 mg/L which was
recorded on Monday at 6 pm. It can be observed that the samples taken on Friday
(6/10/2006) and Saturday (9/10/2006) were definitely going higher than the normal
range.
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Through the investigation carried out a day after the completion of this laboratory
analysis, it was discovered that the upgrading works for the roadway system near the
V4 field had been carried out starting from Monday, 2nd of October 2006. The
upgrading works include the pavement of the grass area and the addition of road
bumps. All the construction materials such as the asphalt and the paint used to mark
the road would enter the sewage system, causing a higher amount of Total Phosphorus
were recorded.
The other sources of Total Phosphorus that would affect the reading include the
detergent from the laundry service and the food discharge from the cafeterias that
served the food for the fast-breaking.
Through the statistical analysis carried out by using the T-Test, the t-value between
Friday and Monday was 0.97, which is not very significant. The difference in variance
was 1293.52.
The t-values between Friday and Saturday as well as Friday and Tuesday are
significant, which are 18.90 and 20.26 respectively. The differences in variance were
2541.86 and 3138.41 respectively.
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18.65 15.15 9.72 8.59 17.16 11.54 12.41 12.23 14,60 9.47 11.92 8.78 8.41 9.59 22.02 1555 16.82 10.13 9.59 21.96 3.33 7.14 7.82 11.67
Time
Figure 19: Graph of Ammoniacal Nitrogen Concentration in Influent of Oxidation Pond
versus Time during Fasting Month
Figure 5 shows the variation of Ammoniacal Nitrogen with time for four wastewater
sample, taken from the influent of the oxidation pond. From the graph, it can be
observed that the readings recorded on Friday (6/10/2006) and Monday (9/10/2006)
also went higher than the other readings. This proves that the theory that has been
discussed for describingFigure 7 is acceptable.
Urban works could also lead to the production of high value of Ammoniacal Nitrogen.
From the graph, the highest amount ofAmmoniacal Nitrogen is 67.42 mg/L which was
recorded on Monday at 12 pm.
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Two otherreadings that gavehigh values of Ammoniacal Nitrogen were recorded on 4
pmand 10pm,which gave thereadings of 65.09 mg/L and62.51 mg/L respectively.
The sudden increase in value of the Ammoniacal Nitrogen might due to the improper
disposal of ammonia products from the laboratory. Onthat day, most of the final year
students were having a laboratory experiments. This included the experiments to test
the amount of ammonia in their samples. The other sources include operation of the
SpeedKlean that does laundry service for the students.
Through the statistical analysis carried out by using the T-Test, the t-value between
Friday and Monday was 0.86, which is not very significant. The difference in variance
was 70.14.
The t-values between Friday and Saturday as well as Friday and Tuesday are
significant, which are 7.37 and 7.68 respectively. The differences in variance were




Nitrification had occurred twice throughout the project, which are on 14/03/2007 and
21/03/2007 respectively. During nitrification, the removal percentages of Ammoniacal
Nitrogen to Nitrate were 87% and 92% respectively. By combining the nitrification
results with the other team mates, it was concluded that, nitrification took place when
the effluent is equivalent to TSS = 50 mg/L, TCOD - 32 mg/L, SCOD - 18 mg/L, TOC
- 18 mg/L and MLSS = 1235 mg/L at21/03/2007. The amount ofTotal Phosphorus in
the sewage treatment plant was constantly high. Rectifications made to the sewage
treatment plant did not help in removing this high concentration of Total Phosphorus
which was approximately 200 mg/L. Malaysia does not regulate any standard limit for
Total Phosphorus, Ammoniacal Nitrogen and Nitrate yet. However, the amount of




It is recommended that a formal collaboration is made between the management of the
Final Year Project and the contractor that operate the sewage treatment plant ofUTP.
There has been a lot of miscommunication between the students and the operators of
the sewage treatment plant.
For the future work improvements, it is recommended that the future students will start
applying the design of the nitrification and denitrification to the current system of
UTP's sewage treatment plant by using the design and operating strategies for
nitrification and denitrification, as explained in Chapter 6.
Besides, removal process for Total Phosphorus must immediately be implemented as
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Data Table for Total Phosphorus versus Time









bre Anoxic Chamber 22.5 39.2 30.8 46.3
sxic Chamber 34.8 31.3 41.9 51.1
ration Tank 30.9 41.1 36.0 36.1
Fore Clarifier 33.6 35.8 40.2 34.6
trifier 27.8 32.9 23.2 31.1
luent 36.6 29.9 31.4 34.9
Data Table for Ammoniacal Nitrogen versus Time









Fore Anoxic Chamber 17.2 17.2 19.6 22.5
oxic Chamber 18.1 19.0 12.0 25.2
ration Tank 15.5 19.8 14.7 22.2
fore Clarifier 14.8 13.4 18.0 18.1
trifier 15.0 22.4 16.0 21.3
luent 12.8 16.3 17.3 17.9
Data Table for Total Phosphorus and Ammoniacal Nitrogen 24-Hour Wastewater Sample
Point Time mg/L P04^ mg/L NH3-N
t 18.00 47.2 17.5
2 18.30 40.4 15.6
3 19.00 40.4 10.7
4 19.30 46.6 21.8
5 20.00 45.3 24.2
6 20.30 36.9 10.6
-f 21.00 37.9 12.0
8 21.30 41.4 14.9
9 22.00 38.4 11.7
10 22.30 33.9 17.1
11 23.00 40.1 6.2
12 23.30 43.2 16.2
13 12.00 31.0 14.5
14 12.30 38.1 17.1
15 1,00 42.1 16.6
16 1.30 39.4 22.6
17 2.00 36.5 19.0
18 2.30 36.5 16.1
19 3.00 40.1 21.8
20 3.30 39.0 13.8
21 4.00 42.1 14.3
22 4.30 45.3 12.9
23 5.00 42.7 18.4
24 5.30 46.7 16.3
Data Table for Total Phosphorus on 6/10/2006 (Friday)
Point Time Trial 1 Trial 2 Trial 3 Average
1 7.00 448.03 452.50 456.12 452.22
2 8.00 500.26 513.56 498.70 504.17
3 9.00 474.16 486.88 481.50 480.85
4 10.00 440.01 447.84 452.20 446.68
5 11.00 449.88 429.46 458.20 445.85
6 12.00 472.71 479.23 470.14 474.03
7 13.00 406.86 418.17 428.40 417.81
8 14.00 546.56 541.35 546.62 544.84
9 15.00 414.14 411.55 414.16 413.28
10 16.00 394.33 397.89 394.79 395.67
11 17.00 532.29 542.90 568.99 548.06
12 18.00 451.00 440.06 439.41 443.49
13 19.00 664.45 653.90 673.04 663.80
14 20.00 445.62 440.54 443.22 443.13
15 21.00 396.25 392.88 393.99 394.37
16 22.00 534.07 517.68 529.13 526.96
17 23.00 526.46 500.47 504.30 510.41
18 0.00 469.23 438.43 493.43 467.03
19 1.00 416.28 410.26 429.39 418.64
20 2.00 429.31 442.62 431.55 434.49
21 3.00 421.91 432.06 427.09 427.02
22 4.00 425.46 450.37 443.43 439.75
23 5.00 462.62 455.63 463.76 460.67
24 6.00 599.04 596.19 594.72 596.65
Data Table for Total Phosphorus on 9/10/2006 (Monday)
Point [ Time Tnall | Trial 2. Trial 3 tt &Mttftgm
1 ..—— 495.38 478.35 483.19
2 8.00 465.80 484.19 470.12 473.37
3 9:00 509.59 555.25 535.67 533.50
4 10.00 491.88 484.88 490.05 488.94
5 11.00 465.13 491.91 488.32 481.79
6 12.00 446.12 440.10 445.23 443.82
7 13.00 446.27 440.05 442.21 442.84
8 14.00 463.52 468.25 465.23 465.67
9 15.00 439.89 470.47 466.05 458.80
10 16.00 485.35 456.55 477.85 473.25
11 17.00 450.63 448.57 450.99 450.06
12 18.00 694.43 695.32 693.98 694.58
13 19.00 492.63 519.74 500.77 504.38
14 20.00 469.06 464.88 465.33 466.42
15 21.00 440.54 483.51 465.89 463.31
16 22.00 545.57 551.04 547.71 548.11
17 23.00 460.91 447.13 451.16 453.07
18 0.00 500.71 483.40 496.06 493.39
19 1.00 449.41 448.21 448.88 448.83
20 2.00 442.11 437.53 440.03 439.89
21 3.00 495.02 476.25 488.55 486.61
22 4.00 575.98 595.68 480.26 550.64
23 5.00 546.71 527.53 530.11 534.78
24 6.00 483.09 465.73 472.01 473.61
Data Table for Total Phosphorus on 14/10/2006 (Saturday)
Point Time Trial 1 Trial 2 Average
1 7.00 182.12 184.20 183.16
2 8.00 225.06 225.71 225.39
3 9.00 229.95 226.67 228.31
4 10.00 171.25 176.29 173.77
5 11.00 199.95 191.85 195.90
6 12.00 149.31 147.93 148.62
7 13.00 140.45 146.16 143.31
8 14.00 194.18 195.56 194.87
9 15.00 163.93 160.22 162.08
10 16.00 194.71 194.18 194.45
11 17.00 132.26 135.33 133.80
12 18.00 129.81 125.68 127.75
13 19.00 118.28 113.33 115.81
14 20.00 115.68 116.49 116.09
15 21.00 279.51 269.58 274.55
16 22.00 136.49 148.00 142.25
17 23.00 233.38 254.18 243.78
18 0.00 169.04 173.20 171.12
19 1.00 203.20 206.74 204.97
20 2.00 134.11 137.83 135.97
21 3.00 180.11 189.37 184.74
22 4.00 144:77 139.70 142.24
23 5.00 150.31 150.34 150.33
24 6.00 190.95 191.67 191.31
IData Table for Total Phosphorus on 17/10/2006(Tuesday]
Point ': ' Time Trial 1 Trial 2 Average
1 7.00 188.75 185.27 187.01
2 8.00 191.95 190.65 191.30
3 ... 9.00 186.25 182.67 184.46
4 10.00 204.41 203.57 203.99
5 11.00 238.19 245.74 241.97
6 12.00 142.66 142.85 142.76
7 13.00 157.50 150.95 154.23
8 14.00 138.00 138.75 138.38
9 15.00 226.14 228.75 227.45
10 16.00 159.42 162.56 160.99
11 17.00 143.71 163.54 153.63
12 18.00 201.93 216.99 209.46
13 19.00 191.89 196.41 194.15
14 20.00 138.78 136.99 137.89
15 21.00 132.06 130.15 131.11
16 22.00 149.74 150.73 150.24
17 23.00 196.94 197.06 197.00
18 0.00 148.14 186.65 167.40
19 1.00 177.03 174.61 175.82
20 2.00 129.89 139.89 134.89
21 3.00 108.34 105.46 106.90
22 4.00 138.29 137.30 137.80
23 5.00 148.90 145.31 147.11
24 6.00 190.98 186.76 188.87
Data Table for Ammoniacal Nitrogen on 6/10/2006 (Friday)
'oint Time Trial 1 Trial 2 Trial 3 Average
1 7.00 36.19 36.83 36.41 36.48
2 8.00 34.63 34.42 34.87 34.64
3 9.00 27.55 26.76 26.60 26.97
4 10.00 20.85 21.83 17.56 20.08
5 11.00 53.27 55.48 39.92 49.56
6 12.00 67.67 67.60 49.09 61.45
7 13.00 36.32 38.30 29.21 34.61
8 14.00 20.57 25.59 20.05 22.07
9 15.00 10.61 13.44 13.02 12.36
10 16.00 64.18 67.90 49.36 60.48
11 17.00 26.04 29.42 24.15 26.54
12 18.00 27.39 31.44 25.61 28.15
13 19.00 19.29 20.53 19.61 19.81
14 20.00 34.03 36.83 30.29 33.72
15 21.00 29.43 29.11 26.51 28.35
16 22.00 33.29 33.11 33.27 33.22
17 23.00 30.21 30.44 30.35 30.33
18 0.00 21.71 22.01 22.93 22.22
19 1.00 24.39 24.07 24.76 24.41
20 2.00 26.51 26.78 26.44 26.58
21 3.00 29.17 29.34 29.23 29.25
22 4.00 31.03 30.89 31.21 31.04
23 5.00 37.09 36.83 37.24 37.05
24 6.00 39.18 40.07 39.76 39.67
Data Table for Ammoniacal Nitrogen on 9/10/2006 (Monday)
Roiriil |lMTriahl|#, I^NEMSMHI HKIW&£i ;-;^ Averages
1 7.00 37.55 37.55 38.03 37.71
2 8.00 29.73 30.74 30.85 30.44
3 9.00 23.84 25.76 25.22 24.94
4 10.00 22.73 23.25 20.08 22.02
5 11.00 53.27 55.48 51.35 53.37
6 12.00 67.67 67.60 67.00 67.42
7 13.00 36.32 38.30 34.30 36.31
8 14.00 20.57 25.59 23.16 23.11
9 15.00 10.61 13.44 12.97 12.34
10 16.00 64.18 67.90 63.20 65.09
11 17.00 26.04 29.42 27.70 27.72
12 18.00 27.39 31.44 29.54 29.46
13 19.00 19.29 20.53 22.11 20.64
14 20.00 34.03 36.83 33.29 34.72
15 21.00 25.54 34.18 32.33 30.68
16 22.00 64.89 59.25 63.40 62.51
17 23.00 31.41 29.78 29.24 30.14
18 0.00 26.43 27.42 26.55 26.80
19 1.00 25.77 27.01 25.81 26.20
20 2.00 30.79 37.70 33.05 33.85
21 3.00 47.97 45.88 47.00 46.95
22 4.00 - 29.87 33.71 30.09 31.22
23 5.00 29.77 27.73 28.00 28.50
24 6.00 46.95 42.50 44.64 44.70
Data Table for Ammoniacal Nitrogen on 4/10/2006 (Saturday)
Point Time Trial 1 Trial 2 Average
1 7.00 8.70 8.21 8.46
2 8.00 6.48 7.01 6.75
3 9.00 4.71 4.40 4.56
4 10.00 8.58 8.33 8.46
5 11.00 2.29 3.01 2.65
6 12.00 6.83 7.09 6.96
7 13.00 2.28 2.14 2.21
8 14.00 21.36 21.57 21.47
9 15.00 17.66 18.11 17.89
10 16.00 22.42 21.79 22.11
11 17.00 17.86 16.03 16.95
12 18.00 17.52 17.25 17.39
13 19.00 8.34 8.26 8.30
14 20.00 8.27 8.12 8.20
15 21.00 17.90 17.84 17.87
16 22.00 10.20 9.84 10.02
17 23.00 12.24 12.23 12.24
18 0.00 7.31 7.56 7.44
19 1.00 19.49 19.38 19.44
20 2.00 6.82 5.99 6.41
21 3.00 21.91 20.83 21.37
22 4.00 14.28 12.31 13.30
23 5.00 8.90 8.72 8.81
24 6.00 19.03 18.88 18.96
Data Table for Ammoniacal Nitrogen on 17/10/2006 (Tuesday)
3oint Time TnaM Trial 2 Average
1 7.00 18.89 18.41 18.65
2 8.00 15.01 15.28 15.15
3 9.00 9.94 9.49 9.72
4 10.00 8.42 8.75 8.59
5 11.00 17.04 17.28 17.16
6 12.00 11.71 11.36 11.54
7 13.00 12.05 12.77 12.41
8 14.00 12.00 12.45 12.23
9 15.00 14.74 14.45 14.60
10 16.00 9.78 9.15 9.47
11 17.00 12.20 11.64 11.92
12 18.00 8.34 9.22 8.78
13 19.00 8.57 8.24 8.41
14 20.00 9.37 9.80 9.59
15 21.00 21.36 22.67 22.02
16 22.00 15.77 15.33 15.55
17 23.00 17.33 16.3 16.82
18 0.00 9.76 10.50 10.13
19 1.00 9.31 9.86 9.59
20 2.00 21.09 22.83 21.96
21 3.00 3.47 3.18 3.33
22 4.00 7.06 7.21 7.14
23 5.00 - 7.60 8.03 7.82
24 6.00 11.31 12.03 11.67
FYP2: Week 2
Date; 31/01/2007 (Wednesday)




















Point Location 1 2 3 4 Average
1 Influent 35.70 23.60 32.30 32.30 30.98
2 Distribution Chamber 0.41 0.41
3 Aeration Chamber 31.70 21.80 22.80 20.00 24.08
4 Return Chamber 72.10 72.10
5 Effluent 35.00 33.40 22.40 34.30 31.28
Nitrate (rri^/L N63)
Point Location 1 2 >'•&••>:<.> 4 Average




3 Aeration Chamber 3.27 2.5 1.1 1.6 2.12
4 Return Chamber 1.06 1.06
5 Effluent
-2.37 -2.80 -2.40 0.00 -1.89
Date: 02/^007 (Friday)
Total Phbfephorus (mfc/L P04*)
Point Location 1 2 3Vv Average
1 Influent 180.77 162.21 163.26 162.08
2
Distribution
Chamber 146.21 148.12 147.35 147.23
3 Aeration Chamber 273.92 271.04 269.41 271.46
4 Return Chamber 186.76 184.91 180.6 184.09
5 Effluent 158.08 156.75 159.15 157.99
FYP2:Week3
Date: 09/02/2007 (Friday)
Total Phosphorus (mg/L P04 ")
Point Location 1 2 3 Average
1 Influent 269.98 264.71 263.73 266.14
2 pistribution Chamber 242.82 247.69 248.99 246.50
3 Aeration Chamber 329.27 325.69 327.54 327.50
4 Return Chamber 319.58 320.84 319.00 319.81
5 Effluent 226.98 225.8 224.17 225.65
Ammoniacal Nitrogen (mg/L NH3 - N)
Point Location 1
1 Influent 2.19
2 Distribution Chamber 3.84
3 Aeration Chamber 1.99
4 Return Chamber 1.78
5 Effluent 1.35
Nitrate (mg/L N03)
Point Location 1 2 3 Average
1 Influent 0.2 0.5 0.6 0.40
2 Distribution Charnber 1.3 1.1 1.7 1.37
3 Aeration Chamber 5.0 5.6 5.4 5.33
4 Return Chamber 12.6 12.6 10.4 11.87
5 Effluent 4.1 4.6 4.8 4.50
FYP2:'vVeek4
Date; 14/02/2007 (Wednesday)
Total Phosphorus (mg/L P04 3
Point Location 1 2 3 Average
1 Influent 186.74 186.33 180.46 184.51
2 Distribution Chamber 171.48 170.62 175.88 172.66
3 Aeration Chamber 285.49 283.24 283.73 284.15
4 Return Chamber 253.70 259.55 256.15 256.47
5 Effluent (Clarifier) 153.76 155.16 154.23 154.38
6 Effluent (RAS) 146.68 145.65 148.99 147.11
7 Effluent 181.46 183.27 185.57 183.43
Ammoniacal Nitrogen (mg/L NH3 -N)
Point Location 1 2 3 Average
1 Influent 0.7450 0.7470 0.7970 0.7630
2 Distribution Chamber 0.1366 0.1377 0.1415 0.1386
3 Aeration Chamber 0.0004 0.0006 0.0005 0.0005
4 Return Chamber 0.0001 0.0601 0.0001 0.0001
5 Effluent (Clarifier) 0.0001 0.0001 0.0001 0.0001
6 Effluent (RAS) 0.0000 0.0001 0.0001 0.0001





i bistribdtldh Chamber 14-
3 Aeration Chamber 2.8
4 Return Chamber 23.3
5 Effluent (tlarifier) 1.3
6 Effluent (kAS) 3.8
7 Effluent 2.5
FYP2: Week 7
Date : 07/03/2007 (Wednesday)
Total Phosphorus (mg/L POj
Point Location 1 2 3 AVerage
1 Influent 188.22 187.60 182.68 186.17
2 Distribution Chamber 147.53 149.97 145.72 147.74
3 Aeration Chamber 250.70 253.24 252.23 252.06
4 Return Chamber 243.97 244.49 240.44 242.97
5 Effluent 86.03 89.32 88.84 88.06
Ammoniacal Nitrogen (mg/L NH3 - N)
Point Location 1 2 3 Average
1 Influent 23.00 23.00 23.40 23.13
2 Distribution Chamber 24.0fJ 24.10 24.40 24.17
3 Aeration Chamber 20.59' 20.90 21.00 20.83
4 Return Chamber 20.80 20.90 21.00 20.90
5 Effluent 19.87 19.de 19.72 19.86
Nitrate (mg/L N03)
Point Location 1. ;, . 2 h 3 Average
1 . Influent 0.30 0.2U1 0.10 0.20
2 Distribution Chamber dio 0.16" 0.30 0.20
3 Aeration Chamber d.30 0.3d 0.60 0.40
4 Return Chamber d30 d.sti 0.60 0.47
5 Effluent dio 0.60 0.60 0.63
FYP2:Week8
Date : 09/03/2007 (Friday) - Mid-Term Break
Total Phosphorus (mg/L P04
Point Location 1 2 3 Average
1 Influent 386.77 391.44 392.98 390.40
2 Distribution Chamber 328.32 333.79 327.90 330.00
3 Aeration Chamber 572.20 578.0. 576.12 574.16
4 Return Chamber 542.20 542.71 550.45 545.12
5 Effluent 290.98 298.39 290.04 293.14
Ammoniacal Nitrogen (mg/L NH3
-N)
Point Location 1 2 3 Average
1 Influent 10.76 10.79 10.73 10.76
2 Distribution Chamber 16.70 16.69 16.68 16.69
3 Aeration Chamber 13.32 13.19 13.20 13.24
4 Return Chamber 12.51 12.60 12.55 12.55
5 Effluent 12.68 12.71 12.77 12.72
Nitrate (mg/L N03)
Point Location 1 2 3 Average
1 Influent 0.10 0.10 0.20 0.13
2 Distribution Chamber 0.10 0.10 0.20 0.13
3 Aeration Chamber 0.60 0.90 0.90 0.80
4 Return Chamber 0.80 1.00 1.00 0.93
5 Effluent 0.50 0.60 0.40 0.50
Date : 14/03/2007 (Wednesday) - Mid-Term Break
Total Phosphorus (mg/L PQ4 *")
Point Location 1 2 • <&::0 Average
1 Influent 173.45 175.66 176.47 175.19
2 Distribution Chamber 151.30 154.91 154.73 153.65
3 Aeration Chamber 327.46 325.91 331.82 328.40
4 Return Chamber 281.09 284.90 283.65 283.21
5 Effluent 134.94 136.36 134.41 135.24
Ammoniacal Nitrogen (mg/L NH*-N>
Point Location 1 2 3 Average
1 Influent 15.42 15.02 15.27 15.24
2 Distribution Chamber 12.53 12.41 12.35 12.43
3 Aeration Chamber 2.12 2.15 2.11 2.13
4 Return Chamber 0.69 0.59 0.62 0.63
5 Effluent 1.92 1.98 1.93 1.94
Nitrate (mg/L N03)
Point Location 1 2 3 Average
1 Influent -• 0.10 0.10 0.20 0.13
2 Distribution Chamber 0.20 0.10 o.ib 0.13
3 Aeration Chamber 4.70 4.20 4.60 4.50
4 Return Chamber 5.20 5.10 5.60 5.30
5 Effluent 4.00 4.10 4.20 4.10
?YP 2: Week 9
Date: 21/03/2007 (Wednesday)
Total Phosphorus (mg/L P04 )
Point Location 1 2 3 Average
1 Influent 276.51 277.34 275.02 276.29
2 Distribution Chamber 224.55 228.36 223.11 225.34
3 Aeration Chamber 493.69 493.13 494.35 493.72
4 Return Chamber 311.89 313.30 320.01 315.07
5 Effluent 180.94 182.41 181.33 181.56
Ammoriiacal Nitrogen (mg/L NH3 - N)
Point Location 1 2 .:3k:- Average
1 Influent 24.00 23.70 24.40 24.03
2 bistribution Chamber 25.10 25.20 26 Ao 25.13
3 Aeration Chamber 1.91 1.57 1./>1 1.73
4 Return Chamber 0.89 0.80 0.85^ 0.85
5 Effluent 1.97 1.90 1.9*4 1.94
Nitrate (mg/L N03)
Point Location 1 2 3 Average
1 Influent 0.10 0.00 0.00 0.03
2 Distribution Chamber 0.10 0.00 0.00 0.03
3 Aeration Chamber 10.60 10.20 10.70 10.50
4 Return Chamber 11.20 11.70 11.40 11.43
5 Effluent 8.30 8.20 8.20 8.23
FYP2: Week 10
Date : 28/03/2007 (Wednesday) - Oxidation Pond
3-,Total Phosphorus (mg/L P04 ")
Point Location 1 2 3 Average




5 Effluent 179.50 177.61 180.15 179.09
Ammoniacal Nitrogen (mg/L NH3 - N)
Point Location 1 2 3 Average




5 Effluent 9.08 9.07 9.04 9.06
Nitrate (mg/L N03)
Point Location 1 • 2 3 Average




5 Effluent -0.90 -0.80 -1.00 -0.90
FYP2: Week 11
Date : 06/04/2007 (Friday) - After rectification + AfterJohor trip
Total Phosphorus (mg/L P04 )
Point Location 1 2 3 Average
1 Influent 173.99 173.41 173.63 173.68
2 Distribution Chamber 157.71 155.42 159.92 157.68
3 Aeration Chamber 307.09 303.85 309.59 306.84
4 Return Chamber 164.15 167.46 167.89 166.50
5 Effluent 151.52 153.48 154.04 153.01
Ammoniacal Nitrogen (mg/L NH3 - N)
Point Location 1 2 3 Average
1 Influent 22.70 22.30 22.90 22.63
2 Distribution Chamber 24.90 24.80 25.10 24.93
3 Aeration Chamber 23.30 23.60 23.50 23.47
4 Return Chamber 24.30 24.50 24.70 24.50
5 Effluent 27.60 27.40 27.20 27.40
Nitrate (mg/L N03)
Point Location ... t^v M2,- • .-3... •. Average
1 Influent. 0.40 0.60 0.50 0.50
2 (Distribution Chamber 1.70 1.30 1.10 1.37
3 Aefatbn Chamber 0.9*0 0.90 0.70 0.83
4 ftfeturh Chamber 0.S0 0.90 0.90 0.87
5 Effluent 0.90 0.60 0.70 0.70
Nitrite (mg/L NOz)
Point Location
__ 1... 2 3 Average
1 Influent It %g?&^ £&$$&&
2 Distribution Chamber -
3 Aeration Chamber 0.033 0.031
4 Return Chamber 0.033 0.036 0.033 0.034
5 Effluent 0.010 0.008 0.012 0.010
FYP2: WeekH
Date : 11/04/2007 (Wednesday) - People cleaning up clarifier
Total Phosphorus (mg/L P04
Point Location 1 2 3 Average
1 Influent 175.02 172.17 174.23 173.81
2 Distribution Chamber 276.17 275.50 277.^7 277.41
3 Aeration Chamber 173.88 176.05 17.5.00 174.98
4 RetUrn Chamber 210.64 213.07 210.69 211.47
5 Effluent 139.09 130.93 134.74 134.92
Ammoniacal Nitrogen (mg/L NH3 - N)
Point Location 1 2 3 Average
1 InflUent 48.00 49.70 50.40 49.37
2 Distribution Chamber 49.50 51.10 52.40 51.00
3 Aeration Chamber 59.10 o1.80 612.10 61.00
4 Return Chamber 64.50 &.20 68.80 66.50
5 Effluent 38.30 42.4o 43.20 41.30
Nitrate (mg/L N03)
Point Location 1 i , • .3-r.v: Average
1 Influent 0.50. 5.3b . d.40 0.40
2 Distribution Chamber 1.2b lib \.4o 1.27
3 Aeration Chamber 0.9b lib 0.70 0.90
4 Return Chamber 1.40 m 1.30 1.33
5 Effluent 0.20 0.30 0.30 0.27
Nitrite (mg/L N02)
Point Location 1 2 3 Average
1 Influent 33mgM£ Ip^fer £%
2 Distribution Chamber ~~ £j ' '
3 Aeration Chamber 0 012 0 012 0 014 0 013
4 Return Chamber 0.014 0.014 0.014 0.014
5 Effluent 0.006 0.006 0.006 0.006
Removal Percentage
Ammoniacal Nitrogen
Influent Effluent 1-E %
11.00 am (13/08/06) 17.2 12.8 4.4 26
11.30 am (15/08/06) 17.2 13.4 3.8 22
12.30 pm (12/08/06) 19.6 17.3 2.3 12
4.30 pm (11/08/06) 22.5 17.9 4.6 20
Influent Effluent 1-E %
7/3/07 23.13 19.86 3.28 14
9/3/07 18.72 10.76 7.96 43
14/3/07 .15.24 1.94 13.29 87
21/3/07 24.03 1.94 22.10 92
6/4/07 22.63 21.40 1.23 5
11/4/07 49.37 41.30 8.07 16
13/4/07 15.79 13.55 2.24 14
Total Phosphorus
Influent Effluent l-E %
11.00 am (13/08/06) 32.5 29.6 2.9 9
11.30 am (15/08/06) 39.2 29.9 9.3 24
12.30 pm (12/08/06) 30.8 27.4 3.4 11
4.30 pm (11/08/06) 46.3 34.9 11.4 25
\ Influent wmm * l.£ %
31/1/07 162.08 157 99 4 09 3
9/2/07 266.14 22^.65 40.49 15
- 14/&07 184.51 18143 1.08 i
<<7/3/07 186.17 88.06 98.10 53
" 9/3/07 390.40 293.14 97.26 25
-14/03/07- 175.19 136.24 39.96 23
21/3/07 276.29 181.56 94.73 34
6/4/07 173.68 153.01 20.66 12
11/4/07 173.81 134.92 38.89 22











6/10/2006 9/10/2006 14/10/06 17/10/06
452.2167 483.19 183.16 187.01
504.1733 473.37 225.385 191.3
480.8467 ' 533.50 228.31 184.46
446.6833 488.94 173.77 203.99
445.8467 481.79 195.9 241.965
474.0267 443.82 148.62 142.755
417.81 442.84 143.305 154.225
544.8433 465.67 194.87 138.375
413.2833 458.80 162.075 227.445
395.67 473.25 194.445 160.99
548.06 450.06 133.795 153.625
443.49 694.58 127.745 209.46
663.7967 504.38 115.805 194.15
443.1267 466.42 116.085 137.885
394.3733 463.31 274.545 131.105
526.96 548.11 142.245 150.235
510.41 453.07 243.78 197
467.03 493.39 171.12 167.395
418.6433 448.83 204.97 175.82
434.4933 439.89 135.97 134.89
427.d2 486.61 184.74 106.9
439.7533 550.64 142.235 137.795
46U67 534.78 150.325 147.105
536.65 473.61 191.31 188.87
1 and 2













t Critical one-tail 1.67866
P(T<=t) two-tail 0.338568
t Critical two-tail 2.012896
1 and 3











t Critical one-tail 1.67866
P(T<=t) two-tail 2.55E^23
t Critical two-tail 2.012896
1 and 4











t Critical one-tail 1.67866
P(T<=t) two-tail 1.48E-24










6/10/2006 9/10/2006 14/10/06 17/10/06
36.48 37.71 8.46 18.65
34.64 30.44 6.75 15.15
26.97 24.94 4.56 9.72
20.08 22.02 8.46 8.59
49.56 53.37 2.65 17.16
61.45 67.42 6.96 11.54
34.61 36.31 2.21 12.41
22.07 23.11 21.47 12.23
12.36 12.34 17.89 14.60
60.48 65.09 22.11 9.47
26.54 27.72 16.95 11.92
28.15 29.46 17.39 8.78
19.81 20.64 8.30 8.41
33.72 34.72 8.20 9.59
28.35 30.68 17.87 22.02
33.22 62.51 10.02 15.55
30.33 30.14 12.24 16.82
2^.22 26.80 7.44 10.13
24.41 26.20 19.44 9.59
28.^8 33.85 6.41 21.96
29\25 46.§5 21.37 3.33
31.04 31.22 13.30 7.14
37.05 28.S0 8.81 7.82
39.67 44.70 18.96 11.67
1 arid i2











t Critical one-tajl 1.67866
P(T<=t) two-tail . . 0.396956
t Critical two-tail 2.01-2896
1 and 3











t Critical one-tail 1.67866
P(T<=t) two-tail 2.55E-09
t Critical two-tail t2.012896
1 and 4















t Critical one-tail 1.67866
P(T<=t) two-tail 8.74E-10




rMethod 8038 Nessler Method
(0.02 to 2.50 mg/L NH3-N
;ope and Application: For water, wastewater, and seawater; distillation is required for wastewater and seawater; USEPA
xepted for wastewater analysis (distillation required): see Distillation on page 4of this procedure.
adapted from Standard Methods for the Examination ofWater and Wastewater 4500-NH3 B&C.
3efore starting the test:
=or more accurate results, determine a reagent blank.value for each new lot ofreagent. Follow theprocedure using deionized
water instead of the sample. Subtract thereagent blank value from the final results orperform a reagent blank adjust. Seethe
jser manual for more information.
Messier Reagent contains mercuric iodide. Both the sample and the blank will contain mercury (D009) at a concentration
-egulated asa hazardous waste by the Federal RCRA. Do not pour these solutions down the drain. Refer to a current MSDS
for safe disposal and handling instructions. ____________________
Collect the following items:
Ammonia Nitrogen Reagent set
Deionized Water
Graduated Mixing Cylinders








Note: Reorder information forconsumables and replacement items is on page 5.
Note: Nessler Reagent is toxic and corrosive. Pipet carefully, using apipet filler. When dispensing reagent from a dropper
bottle, holdthe bottle vertically. Do nothold the bottle at an angle.




2. Select the test. 3. Prepared Sample:
Fill a 25-mL mixing
graduated cylinder to the
25-mL mark with sample.
4. Blank Preparation:
Fill a 25-mL mixing













'our 10 mL of each




6. Add three drops of
Polyvinyl Alcohol
Dispersing Agent to each
cylinder. Stopper and
invert several times to mix.
Zero
10. When the timer
expires, insert the blank
into the cell holder with the
fill line facing right. Press
ZERO. The display will
show:
0.00 mg/L NH3-N
7. Pipet 1.0 mL of
Nessler Reagent into each
cylinder. Stopper and
invert several times to mix.
11. Wipe the prepared
sample and insert it into
the cell holder with the fill
line facing right.







Results are in mg/L NH3-N.
fering Substance Interference Levels and Treatments
rine
Remove residual chlorine by adding 2 drops of sodium arsenite for each mg/L chlorine (Cl2)
from a 250 mL sample. Sodium thiosutfate can be used instead of sodium arsenite. See
Sample Collection, Storage, and Preservation.
Iness
A solution containing a mixture of 500 mg/L CaC03 and 500 mg/L Mgas CaC03 does not
interfere. If the hardness concentration exceeds these concentrations, add extra
Mineral Stabilizer.
Interferes at all levels by causing turbidity with Nessler Reagent.
vater
May be analyzed by adding of 1.0 mL (27 drops) of Mineral Stabilizer to the sample before
analysis. This complexes the high magnesium concentrations found in sea water, but the
sensitivityof the test is reduced by 30 percent due to the high chloride concentration. For best
results, perform a calibration, using standards spiked to the equivalent chloride concentratbn,
or distill the sample as described below.
de Interferes at all levels by causing turbidity with Nessler Reagent.
-gen, Ammonia
;2of6 NrbO9enAmm_8038_N ES_28fX).fm
Nitrogen, Ammonia {0.02 to 2.50 mg/L NH3-h
Table 1 Interfering Substances and Levels (continued)
nterfering Substance




Interference Levels and Treatments
May cause greenish or other off colors or turbidity. Distill the sample if these compounds
are present.
>ampte Collection, Storage, and Preservation
Collect samples in clean glass or plastic bottles. If chlorine is present, add one drop of 0.1 N
Sodium Thiosulfate* for each 0.3 mg/L Cl2 in a 1-liter sample. Preserve the sample by
reducing the pH to 2 or less with sulfuric acid (at least 2 mL). Store at 4 °C (39 °F) or less.
Preserved samples may be stored up to 28 days. Warm samples to room temperature and
neutralize with 5 N Sodium Hydroxide* before analysis. Correct the test result for
volume additions.
Accuracy Check
Standard Additions Method (Sample Spike)
1. After reading test results, leave the sample cell (unspiked sample) in the instrument.
2. Press OPTIONS>MORE. Press STANDARD ADDITIONS. A summary of the standard
additions procedure will appear.
3. Press OK to accept the default values for standard concentration, sample volume, and
spike volumes. Press EDIT to change these values. After values are accepted, the
unspiked sample reading willappear in the top row. See the user manual for more
information.
4. Snap the neck offa Nitrogen Ammonia Voluette® Ampule Standard, 50-mg/L NH^-N.
5. Prepare three sample spikes. Fillthree mixing cylinders with 25 mL of sample. Use the
TenSette® Pipet to add 0.1 mL,0.2 mL, and 0.3 mL of the 50 mg/Lstandard, respective!:
to each sample and mix thoroughly.
6. Analyze each sample spike as described in the procedure above, starting with the 0.1 m
sample spike. Accept each standard additions reading by pressing READ. Each addition
should reflect approximately 100% recovery.
7. After completing the sequence, press GRAPH to view the best-fit line through the standar
additions data points, accounting for the matrix interferences. Press IDEAL LINE to view
the relationship between the sample spikes and the "Ideal Line" of 100% recovery.
Standard Solutions Method
1. To check accuracy, use a 1.0-mg/L Nitrogen Ammonia Standard Solution. Or, prepare a
1.0-mg/L ammonia nitrogen standard solution by pipetting 1.00 mL of Nitrogen Arnmoni;
Voluette® Ampule Standard, 50-mg/L, into a 50-mL volumetric flask. Diluteto the mark
with deionized water. Prepare this solution daily. Perform the Nessler procedure as
described above.
See Optional Reagents and Apparatus on page 5.
Nitrogen, Ammoni
litrogertAmm_8038_NES_2800.fm Page 3 of
>gen, Ammonia {0.02 to 2.50 mg/L NH3-N)
.illation
2. To adjust (he calibration curve using the reading obtained with the standard solution, press
OPTIONS>MORE on the current program menu. Press STANDARD ADJUST
3. Press ON. Press ADJUST to accept the displayed concentration. Ifan alternate
concentration is used, press the number in the box to enter the actual concentration, then
press OK. Press ADJUST.
1. Measure 250 mL of sample into a 250-mL graduated cylinder and pour into a 400-mL
beaker. Destroy chlorine, if necessary, by adding 2 drops of SodiumArseniteSolution per
mg/L Cl2-
2. Add 25 mL of Borate Buffer Solution and mix. Adjust the pH to about 9.5 with 1 N sodium
hydroxide solution. Use a pH meter.
3. Set up the Genera! Purpose Distillation Apparatus as shown in the Distillation Apparatus
Manual. Pour the solution into the distillation flask. Add a stir bar.
4. Use a graduated cylinder to measure 25 mL of deionized water intoa 250-mL Erlenmeyer
flask. Add the contents of one Boric Acid Powder Pillow. Mix thoroughly. Set the flask
under the stilldrip tube. Elevate so the end of the tube is immersed in the solution.
5. Turn on the heater power switch. Set the stir control to 5 and the heat control to 10. Turn
on the water and adjust to maintain a constant flow through the condenser.
6. Turn off the heater after collecting 150 mL of distillate. Immediately remove the collection
flask to avoid sucking solution into the still. Measure the distillate to ensure 150 mL was
collected (total volume = 175 mL).
7. Adjust the pHof the distillate to about 7 with 1 Nsodium hydroxide. Use a pH meter.
8. Pour the distillate into a 250-mL volumetric flask; rinse the Erlenmeyer with deionized
water. Add the rinsings to the volumetric flask. Diluteto the mark. Stopper. Mix thoroughly.
Analyze as described above.
mmary of Method
The Mineral Stabilizer complexes hardness in the sample. The Polyvinyl Alcohol Dispersing
Agentaids the colorformation in the reaction of Nessler Reagent with ammonium ions. A
yellow colorisformed proportional to the ammoniaconcentration. Test results are measured at
425 nm.
>gen, Ammonia
_ 4 Of 6 NitrogenAmm___8038_.NES_2800.fm
fitrogen, Ammonia (0.02 to 2.50 mg/L NH3-N
onsumables and Replacement Items
squired Reagents
(ascription







Cylinder, graduated, mixing, 25-mL
'ipet, serological, T-mL
'ipet Filler, safety bulb
Sample Cells, 1-inch square, 10-mL, matched pair
ecommended Standards and Apparatus
Ascription
Quantity/Test Unit Cat. No.
_
__ 24582-00
2mL 500 mL 21194-49
6 drops 50 mL SCDB 23766-26
6 drops 50 mL SCDB 23765-26
25 mL 4L 272-56
Quantity/Test Unit Cat No.





:Iask, volumetric, Class A, 50 mL
Nitrogen, Ammonia Standard Solution, 1-mg/L NH3-N
Jitrogen, Ammonia Standard Solution, 10-mL Voluette® Ampule, 50-mg/L NH3-N
>ipet, TenSette®0.1 - 1.0 mL
5tpetTips, forTenSette Pipet 19700-01
>ipetTips, for TenSette Pipet 19700-01
^t, volumetjic, Class A, 1.00 mL









ptional Reagents and Apparatus
Ascription
distillationApparatus, General
ieater and Support Apparatus, 115 VAC,60 Hz
teater and Support Apparatus, 230 VAC, 50 Hz
fixing Cylinders
'our-Thru Cell Kit
>odium Thiosulfate, 0.1 N















_ethod 8190 PhosVer® 3with Acid Persulfate Digestion Methoc
t NTube™ Vials (0.06 to 3.50 mg/L P043~ or 0.02 to 1.10 mg/L P
pe and Application: For water, wastewater, and seawater; USEPA Accepted for reporting
tewater analyses
more accurate results, determine a reagent blank value for each new lot ofreagent. Follow theprocedure using deionized
3r tn place ofthesample. Subtract the reagent blank value from thefinal results orperform a reagent blank adjust See the
•ument manual for more information on Running a Reagent Blank.
test range for total phosphate is limited to0.06 to3.5mg/L PO43-. Values greater than 3.5mg/L may beused to estimate
ion ratios, but should NOT be used for reporting purposes. If thevalue isgreater than 3.5mg/L, dilute thesample and repeat
digestion and the colorimetric test. y
il samples will contain molybdenum. In addition, final samples will have a pH less than 2 and areconsidered corrosive {D0021
ie Federal RCRA.
urn on the DRB 200
or. Heat to 150 °C.
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Cap tightly and shake 6. Placethe vial into the 7. Touch the timer icon. 8. When the timer
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the hot vial from the
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room temperature.
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10.Wipe the outside of
the vial with a damp







11. Place the vial into the 12. Touch Zero.
cell holder. -~ ,. , .„ ,
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0.00 mg/L P043-




Use a funnel to add
contents of one
14.Cap tightly andshake 15.Touch the timer icon. 16.After thetimer beep
wipe the outside of the
vial with a damp cloth
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other marks.
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Greater than 200 mg/L
interferes at any level
Greater than 100 mg/L
Greater than 10 mg/L
Greater than 100 mg/L
Greater than 300 mg/L
Highly buffered samples or extremesampie pHmayexceed the buffering capacity of the
reagents and require sample pretreatment.
Greater tfaan 50 mg/L
Greater than 10 mg/L
Greater than 90 mg/L
May cause inconsistent results because the acid in the powder pillow >aay dissolve some of the
suspended particles and because ofvariable desorption oforthpf?nosP^ate ^om tr,e Part'c'es-
Greater than 80 mg/L
mple Collection, Storage, and Preservation
Collect samples in plastic or glass botdes thathavebeen-aswhWashed with
1:1 Hydrochloric Acid Solution (Cat. No. 884-49) and rinsed with deionized
water. Do not use commercial detergents containing phosphate for cleaning
glassware used in this test.
Analyze the samples immediately for the most reliable result* If^«m»pt
analysis is not possible, samples ™<*y be preserved «ptG 28 ^ays by adjusting
the pH to 2or less with concentrated Sulfuric Acid (about 2mL per liter)
(Cat. No. 979-49) andstoring at 4CC. Warm thesample to room temperature
and neutralize with 5.0 NSodium Hydroxide (Cat. No. 2450-53) before analyst:





Standard Additions Method (SampleSpike)
1 Clean glassware with 1:1 Hydrochloric Acid Standard Solution. Rinse agai
with deionized water. Do not use phosphate detergents to clean glassware
After reading test results, leave the sample cell (unspiked sample) in the
instrument. Verifythe chemicalform.
Touch Options. Touch Standard Additions. Asummary of the standard
additions procedure will appear.
Touch OK to accept the default values for standard concentration, sample
volume and spike volumes. Touch Edit to change these values. After value
are accepted, the unspiked sample reading will appear in the top row. See
Section 3.2.2 Standard Additions onpage 26 for more information.
Open aPhosphate 10-mL Ampule Standard, 50-mg/L as PO43-.
Prepare three sample spikes. Fill three Mixing Cylinders (Cat. No. 1896-40)
with 25 mL of sample. Use the TenSette Pipet to add 0.1 mL, 0.2 mL, and






PhosphorusTot TNT Otfier PAP Enq O.
Phosphorus, Tote
/. Analyze each standard addition sample as described above (use a 5-mL
aliquot of thespiked sanpleas the sample). Accept each standard addition:
reading by toua_ii^8?*ad. Each addition should reflect approximately
100% recover}'.,
8. After comp!etfeflg:#ie sequence, touch Graph to view the best-fit line througl
the standarda_3dat1on?data points, accounting for matrix interferences. Tou(
View: Fit, then, selectAteal Line and touch OK to view the relationship betwet
the samplb ^[.skesdnd the "Ideal Line" of 100% recovery.
See Section 3,22 St0*dard Additions on page 26 for more information.
Standard Solution Method
I Use a J.0-mg/L phosphate standard solution in place of the sample. Perfon
the procedure as describe above.
2. To adjust the calibration curveusingthe readingobtainedwith the
1.0-mg/L P043" Phosphate Standard Solution, touch Options on thecurrent
program menu. Touch Standard Adjust.
3. Touch On. Touch Adjust to accept the displayed concentration (the value
depends on the selected chemical form). If an alternate concentration is usee
touch the number in the box to enter the actual concentration, then touch OF
Touch Adjust.
For mtm information, see Section 3.2.4 Adjusting the Standard Curve on page 29.
;thod Performance
Precision
Standard: 3.00 mg/L P£V~
536 > 5c-3 ipmg// o.
See Section 3.4.3Precision on page _3iw mom intimation, %_ if nhe stanriaru
concentration did not fall within the specified range.
Sensitivity
Entire range J 0.010 I 0.06 mg/L. PO4*-
See Section 3.4.5 Sensitivityon page 34 formore information.
mniary of Method
Phosphates presentin organic and condensed inorganic forms (meta-, pyro-, 01
otherpolyphosphates) must beconverted to reactive orthophosphate before
analysis. Pretreatment ofthesample with acid and heat provides thecondition
for hydrolysis of the condensed inorganic forms. Organic phosphates are
converted to orthophosphates by heating with acid and persulfate.
Orthophosphate reacts with molybdate in an acid medium to produce a mixed
phosphate/molybdate complex. Ascorbic acid then reduces thecomplex, givin
an intensemolybdenum bluecolor. Test results are measured at 880 nm.
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APPENDIX III
(Biological Kinetic Parameter Estimation)
62
Required Kinetic Parameters
"he important kinetic parameters required for biological phosphorus removal process design include the following.
( The cell yield coefficient defined as the mass of activated sludge or biomass produced per unit of substrate removed
(mg VSS/mg COD).
:d The endogenous decay rate or mass of cells lost during endogenous respiration perunit of time (Vday).
i The maximum specific growth rate. The specific growth rate, M, is the rate ofgrowth per unit oftime (Vday)-
lax
Cs The half-saturationconstant or shape factor of the Monod equation. Ks equals the substrate concentration (mg/L) at
which /^equals 1/2 ofMmax.
|N The specific nitrification rate, which is measured by rate of N02~+N03" formation (mg N02" + N03"-N/mg VSS/hour).
|D The specific denitrification rate, which is measured by rate of N02"+N03" removed (mg N02 -fN03Wmg VSS/hour).
The theories and experimental procedures for determining the biological kinetic parameters defined above are discussed in
his section. Also discussed are the measurement methods of phosphorus release and uptake rates. Although phosphorus
eleaseand uptakerates are not used in the design equations, the rates can provide insight into the design of BPR systems,
rherefore, their measurement techniques are presented here.
Theoretical Base of the Kinetic Equations
fhe cell yield coefficient, Y, is one of the most important parameters used, in biological kinetic models. It represents the
nass of biomass produced per substrate removed. The endogenous decay rate, k^, represents the rate of biomass loss due to
mdogenous respiration. The cell yield coefficient, Y, and endogenous decay rate, k^ are critical for the prediction of
vaste-activated sludge production. In a BPR process, phosphorus is removed in the form of waste activated sludge. The




C = concentration of mixed liquor volatile suspended solids (MLVSS) (mg/L);
= time (day);
i = substrateconcentration (mg/L);
{ = yield coefficient; mass of cells produced per unit mass of substrate utilized (mg VSS/mg COD); and
^ = fraction of MLSS or cells oxidized byendogenous respiration perunit of time ('/day).
This equation can be rewrittenafter dividing Equation3 by X:
dX
Xdt ~ Xdt -K (4)
It can then be rewritten on a finite time and mass basis:
AX
XAt " XAt -K (5)
where
AX
= amount of specific cell mass produced over unit time, (i/day); and





The growth rate of microbial mass ( & ) is expressed as the specific growth rate, PQ.&., the rate of growth per average unit
of biomass during the time interval). Thus,
/i=7xU-kt (6)
Y and kj Determination by Batch Test
It is difficult dnd time consuming to obtain Yand Icj by a conventional method that calls for operating at least four bench-
scale, coHtimfrUSrflow, biological reactors at different sludge ages. These parameters mainly affect activated sludge
production and have relatively little effect on predicted effluent quality. However, phosphorus removal in aBPR process
occurs thrdiigh activated sludge wasting; therefore, Yand kj are important for BPR design.
It is easy to determine Y and kj by running a batch test, which is similar to the procedure used for TbOD determination.
Therefore, from the same batch test, TbOD, Y, arid kj can bedetermined simultaneously. Since there is little difference inY
and kd values (VSS basis) for conventional andphosphorus-removing treatment plants (McClintock et al. 1992), it maynot
be necessary to acclimate biomass for phosphorus removal inY and kj determination.
Data Analysis:
Some experimental runs may suffer from variability in VSS analyses used tomeasure biomass growth. If the samples are
mot carefully taken, thevariability in the VSS measurements at each time may beeven greater than the netgrowth of
nicroorganisms, making tnekinetic study inaccurate. Thus, thereactor contents must bemixed vigorously to disperse the
mixture uniformly before' taking samples. Triplicate VSS and duplicate COD samples should be analyzed. It may be
iesirable to increase theF/M above .typical values. In this way, a more noticeable biomass growth may beattained.
Idealized cell growth and substrate removal curves are shown in Figure 5. In experimental runs with municipal wastewater,
the net growth of microorganisms begins to decrease after several hours and becomes negative after the substrate is
consumed. The experimental data are plotted and asmooth "best fit" curve is drawn through the points to average out some
of the variability in the test data. These curves can either be drawn by hand or using acomputer program to generate abest




Figure 5. Generalized substrate consumption and biomass growth with time.
Values ofSand Xate chosen from the initial portion ofthe curve where the biomass is in the logarithmic growth phase.
These data are transformed into estimates ofU, the substrate utilization rate, and M, the specific growth rate, for each tirr
period (At from i - \ to/) using the following equations:
U. = (?)
(8)
3ased on Equation 6, /_hd Ucan be plotted and aregression line can be drawn as shown in Figure 6. The eridbger
iecay rate, k* is the Y-iritercept. Since k^ is extremely sensitive to the variability of the data joints, it may be difficult to
letermine areasonable value for k, using this method. However, k, can be obtained independently from aresp^irometer
experiment that will be described in the sectidh'on "kn Determination bv Electrolytic Respirometer" Forcing aregression
ine to fit through the independently determined kd makes the resulting slope amore reliable estimate ofY.
mous
Figure 6. Plot of specific growth rate (u) with specific substrate uti. ization rate (U)
*n example illustration ofYand Kdetermination from an *,. UpIot is provided in F.gure 7. The values ofYand k, are
Jeterm.ned to be 0.65 mg VSS/mg COD and 0.0026 '/hour (dr 0.07 Vday), respectively.
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Figure 7. Y and K* determination from Pvs. Uplot.
as and k, Determination by Electfolyic Respirometer
eelectrolytic respi„ •„ avety usefill too, for deteimining ^ ^^^ ^^^ ^ ^ ^ ^^




a _ maximum specific growth rate ('/hour): and
'Tnax
K =5 half-saturation constant orsubstrate concentration when /*= Mmax 12 (mg/L).
Ifthe wastewater shows inhibition, the Haldane equation should be used. Once the relationship between /%id Si<






A. typical electrolytic respirometer is shown in Figure 8.
60
Time (mm)
rigure 8: Electrolytic respirometer.
Procedure:
The procedures to run an electrolytic respirometer may vary slightly, depending on the manufacturer. Basically, the
wastewater concentration is diluted by addition of washed activated sludgeand added to each reactor cell. Each cell is
prepared ata different F/M ratio, and contains a different initial mixed wastewater concentration (S0). The activated sludee
should be washed using the following procedure to remove any soluble and adsorbed substrate:
1. Settle the mixed liquor suspended solids.
2. Decant the supernatant.
3. Fill remaining volume with BOD5 nutrient dilution water containing phosphate buffer, MgS04, CaCI2, and FeCI3
solution (17 mg ofKH2 P04, 43.5 mg ofK2HP04, 66.8 mg ofNaHPO„.7H20, 3.4 mg ofNH4CI, 45 mg ofMgSO„,
55 mgof CaClj, and 0.5 mg of FeCI3.6H20 in 2 L of distilled water).
4. Mix gently and settle activated sludge.
5. Repeat step 2 through step 4 three times.
The oxygen uptake rate is automatically recorded by a computer data acquisition system. The initial mixed wastewater
COD concentration (S0) is used to calibrate the Monod equation. The initial mixed liquor VSS concentration (XJand the
initial mixed wastewater COD concentration in each reactor cell must be analyzed. Ifan electrolytic respirometer is not
available, aseries ofbatch tests (see "Determination ofthe COD Fractions") for TbOD determination may be conducted
Uhder several different F/M ratios.
bdia Ad_lysis:
The electrolytic respirometer's data acquisition system records the accumulated oxygen consumption vs. time, which then
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Figure 9. Typical 02 accumulated overtime.





O2 uptake = oxygen consumed by biomass (mg/L);
X, = mixed liquor VSS concentration at time t in each reactor cell (mg/L); and
Xp = mixed liquor VSS concentration at time 0 in each reactor cell (mg/L).
This equation allows the indirect estimation of biomass concentrations over time.
To convert 02 uptake data to biomass data using Equation 10, values for Y and fcv must be determined. Y can be
determined from the kihetic tests described in the section on "Y and k,j Determination bv Batch Test." The values offcv can
be assumed to be 1.42 - 1.48 mgCOD/mg VSS. It should benoted thatY and fcv in Equation 10are assumed to be constant




Thus, when plotting the calculated X with time ona semi-logarithmic paper, the specific growth rate (/*) is the slope of the
line. The typical plot ofInX vs. time is shown in Figure 9\ Tile slopes in Figure 9represent lvalues at different substrate
concentrations, table 10 lists the results ofspecific growth rate (;") obtained from Figure 9corresponded with the total
substrate cohceritrafions (S), which are predetermined from wastewater in each cell ofthe electrolytic respirometer. Ifalag,
stationary, ordeclining phase isshown in the In Xvs. time plot, the points in these phases should be excluded inthe


























Figure 10. Typical In X vs. time plot.
Table 10. Results ofMand S determination.
Cell # Cell I Cell 2 Cell 3 Cell 4 Cell 5
S (mg/L COD) 81 162 244 366 460
/^(I/hour) 0.0083 0.0151 0.0191 0.0216 0.0230
Assuming a wastewater is not inhibitory, the growth rate data (M vs. S) are fitted tothe Monod equation (Equation 9) to
determine the values ofthe biokinetic constants mmax and K3. An example illustration ofa/Vs. S plot used to determine M
ma* and Ks isprovided in Figure 11. Use ofstatistical computer software ishighly recommended for parameter estimation.
The curve was obtained from anonlinear least squares method. The /C^ and Ks values were 0.034 '/hour and 209 mg/L,
respectively, with the correlation coefficient of0.99.
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Figure 11. Mvs. S plot to determine /*max and IQ.
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k,, Determination by Respirometer
Theory:
The oxygen consumption ratecan be corrected for activatedsludgeconcentration as follows:
dO
— =1.4__<X (12)
The endogenous decay rate, k^, is defined as the rate of cell mass decrease per unit of mass:
* XdX
which can be transformed into
Xt=X0e"^ (13)
where
X, = cell mass at time t (mg VSS/L); and
X0 = initial cell mass (mg VSS/L).
Substituting Equation 13 into Equation 12 yields
dO kt
— =1.42^^-^ (14)
Taking the natural!ogarithm, Equation 14 becomes
ln(^)=ln(1.42k,X,)kJt (15)
In Equation 15, kd is the slope ofthe In (dO/dt) vs. time plot. The dO/dt (rate ofoxygen consumption) data can be




The experimental method to determine kj byelectrolytic respirometer isstraight forward. An activated sludge sample is
aerated forone day and washed threetimes with BOD5 nutrient solution to remove any adsorbed andsoluble substrate.
Oxygen consumption ismeasured with washed activated sludge in an electrolytic respirometer, and the rate ofoxygen
consumption (dO/dt) is obtained.
Data Analysis:
Figure 12 shows an example of the results ofa kd determination using anelectrolytic respirometer. The results indicated
there was still residual substrate left in the first 12. hours. The slope of In (dO/dt) vs. time plot after 12 hours will indicate
the endogenous decay constant, kj. Ifthe activated sludge is washed well after one day aeration without feed, the sharp
oxygen uptake rate at the initial phase will beminimized as shown in another run (Figure 13).
Personhours needed: 6 hours.
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figure 13. Endogenous decay rate, kd, determination with well washed
activated sludge.
Nitrification and Denitrification Rates Measurement
Nitrification Rate
Theory:
Although the kinetics ofnitrification have been modeled by zero-order and first-order reactions, a Monod type equation
expressing the effect of substrate concentration on thegrowth of nitrifying bacteria has been found to fit the data in most
nitrification studies (Barnes and Bliss 3983). The effect ofindividual independent limiting substrates on the specific
growth rate can also be expressed. Thus, the effects ofNH/-N and dissolved oxygen on the growth rate otNitrosomonas







= specific growth rate ofNitrosomonas (nitrifiers) (T/hour);
= maximum specific growth rateofNitrosomonas (nitrifiers) ('/hour);
KN = half-saturation constant forNH/- N (mg/L);
DO = dissolved oxygen (mg/L); and
Kq = half-saturationconstant for oxygen (mg/L).
Similar relationships can be written for the oxidation ofnitrite tonitrate interms ofNitrobacter and with NC_"-N as
substrate. Because it isgenerally the rate-limitirig refection, the nitrifier growth rate can bemodeled based onthe
conversionofammoniumto nitrite by Nitrosomonas.
The ammonium oxidation ratecanbemeasured to quantify how fast ammonium is oxidized to nitrate. It should benoted
that over 99% ofthe total ammonia nitrogen (NH3+NH4+-N) innormal domestic wastewater pH of7 is intheform of
ammdnium (NH4+-N). The ammonium oxidation rate (qu) for activated sludge is often expressed in units ofmg NH*+-N




The ammonium oxidation rates (qN) are commonly 1- 3 mg/g/hour (Bames and Bliss 1983).
Apparatus:








The procedure to determine the ammonium oxidation rate (qN) is:
1. Obtain 8 L of wastewater sample.
2. Obtain 8 L ofacclimated activated sludge.
3. Place a portion of the wastewater and activated sludge into an 8 L reactor. The dilution ratio used can be the same
as the F/M ratioat the treatment plantof interest. Forexample, the Ashlandtreatmentplanthas an F/M = 0.67;
thus, 1.3 L of activated sludge with VSS of 1,840 mg/L canbemixed with6.7L rawsewage with BOD5 of 240
mg/L to obtain a F/M ratio of0.67 in an 8 L reactor.
13L
Activated Sludge







4. Measure VSS of mixture.
5. Aerate the reactor to reach a DO level of approximately 2 mg/L. If an air pumpwitha diffuser does notprovide
sufficient mixing, add a mechanical mixer.
6. Determine concentrations of total ammonia (NH3+NH4+-N), nitrite andnitrate(NO2-+NO3- -N)overtime(at 0,
0.5, 1, 1.5, 2, 2.5, 3, 4, 5 hours) in filtrate passed through 0.45 Pm membrane filters.
7.
Data Analysis:
Sincethe organic nitrogen will be transformed by bacteria to form total ammonia nitrogen, it is recommended to measure
nitrite and nitrate production rates as the indicator of theammonium oxidation rate. Table 11 andFigure 14show an
example of an ammonium oxidation rate determination. Even though a single sample is analyzed in this example,
duplicated sample analysis is recommended.
Table 11. Example of nitrification determination.
NH3+ Average NH3+ N02 + N03" Average N02 +
""^T NH/-N -N N03"-N
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The ammonium oxidation rate is:
(27.6 - 19.8 mg N02"+N03" /L) / 5 hours / 2,454 mg/L - 6.4 x 10"4 mg/mg/hour
where the initial biomass (MLVSS) in the batch reactor = 2,454 mg/L.
Personhours needed: 5 hours + acclimation time (—30 hours depending on wastewater).
Denitrification Rate
Theory:
Carlson (1971) and Christensen and Harremoes (1977) suggested that the kinetic reaction for denitrification by activated




dN/dt = denitrification rate (mg N02 +N03'-N/L/hour);
N - nitrite plus nitrate concentration (mg-N/L);
t = time (hour); and
qD = specific denitrification rate (mg"N/mg VSS/hour).
This indicates that the denitrification rate is independent ofthe nitrate concentration and only a function ofthe volatile
suspended solids concentration.
Apparatbs:
Magnetic stirrer, stirring bar, and pipettes
DO meter
Filtration apparatus
NH3+NH4+-N and N02"+N03~-N measurement apparatus
Procedure
The procedureto determinethe specific denitrification rate (qD) is:
1. Obtain 8 L of wastewater sample.
2. Obtain 8 L of acclimated activated sludge.
3. Place a portion of the wastewater and activated sludge in an 8 L reactor. The dilution ratio used can be the same as
the F/M ration at the treatment plant of interest. For example, the Ashland treatment plant has the F/M ratio of
0.67; thus, 1.3 L of activated sludge with VSS of 1,840 mg/L can be mixed with 6.7 L raw sewage with BOD5 of
240 mg/L to obtain the F/M ratio of 0.1 in an 8 L reactor.
1.3L
Activated Sludge







•7: Measure VSS of mixture.
lj Mix the reactor with a magnetic stirrer and measure DO to ensure a DO level of < 0.1 mg/L.
[j Addsodium nitrate (NaN03), if necessary, to providean initial nitrate concentration of about25 mg/L.
[j Determine concentrations of total ammonia (NH3+NH4+-N), nitrite and nitrate (N02~+N03~-N) overtime (at 0, 0.5, 1,
1.5, 2, 2.5, 3, 4, 5 hours) for the filtrate passed through 0.45 mm membrane filters.
Data Analysis:
Table 12and Figure 15 show an example of a denitrification rate determination. Even though a singiesample is analyzed
in this example, duplicated sample analysis are recommended.
FromFigure 15,the denitrification rate is estimated to be:
(40.2 - 26.6 mg N02>N03"-N /L) / 5hours / 2,260 mg/L - 1.2 x 10"3 mg/mg/hour
where the initial biomass (MLVSS) in the batch reactor = 2,260 mg/L.
Personhours needed: 5 hours + acclimation time (-30 hours depending on wastewater).
Table 12. Example of denitrification determination.
NH3 + Average NH3 + N02 + N03 Average N02"+
Time NH/-N NH/-N -N N03 -N














































• • * • • • •
ft , J 1 1 , 1 r < 1 > 1 . 1
0 5ft 100 150 200 250 30ft 350
Tini£{imii)






Phosphorus Release and Update Rates Measurement
nabiological phosphorus removal process, phosphorus will be released by phosphorus-removing microorganisms under
inaerobic conditions and taken up under aerobic conditions. The measurement ofphosphorus release/uptake rates is
neaningfulonly when phosphorus-removing microorganisms have been selected. An enhanced culture that removes
>hosphorus can either be obtained from afull scale BPR plant directly or produced in alaboratory reactor by using
nrichment culture techniques.
A sequential batch reactor (SBR) can be used to develop theenhanced culture ina laboratory. Theoperational conditions
for SBR todevelop the enhanced culture depend on wastewater characteristics. The key feature ofa SBR is itsflexibility to
adjust theanaerobic/aerobic retention timedepending on the typeof wastewater. Figure 16shows a typical SBR





Operational cctt-itions of the SBR are as follows:
• reactorvolumedf6L;4Loftlllarid withdraw percycle;
• wastewater feed in 10 minutes at each cycle;
• anaerobic/aerobic retention time= 2 hours/5 hours; 1 hoursettling and decanting;
• 8 hours/cycle, 3 cycle/day.
iVhen average COD andphosphorus concentrations intheinfluent are200 mg/L and 9 mg-P/L, respectively under the
ibove conditions, theeffluent phosphorus concentrations were lower than 0.5 mg/L after 14 days ofoperation at room
emperature. Once activated sludge containing phosphorus-removing microorganisms areobtained, phosphorus
elease/uptake rates can be measured as follows:
1. Forthesimulation of theanaerobic conditions, add wastewater and activated sludge to thereactor ata
predetermined ratioand mix for a period of time corresponding to the hydraulic retention time of the anaerobic
zone of the SBR or full-scale treatment plant. Takesamples every 5 to 10 minutes for 0.5-1 hourand analyze for
orthophosphate.
2. At the time correspondingto the hydraulic retention time of the anaerobiczone, supply the air using a fine pore
diffuser placed at the bottom of the reactor. Take samples every 10to 20 minute for 3-4 hours and analyze for
orthophosphate.
In order to evaluate the effect of denitrification on phosphorus removal, total ammonia, nitrite, and nitrate concentrations
are usually monitored. The rates of phosphorus release and uptakeare simply expressed by the increaseor decrease in
phosphorus concentration perunitbiomass per unit time(mg-P/g VSS/min).
The Ashland wastewater was used as an example to determine the phosphorus release/uptake rate. An aliquot of500 ml of
activated sludge from the laboratory SBR, where phosphorus-removing microorganisms were developed, was added to 500
ml of the Ashland compositewastewater to simulate a reaction of influent wastewaterwith 100%sludge recycle. The
activated sludge were taken from the aerobic zone of the laboratory SBRs. The F/M ratio was 0.3. The NOz'+MV-N
concentration in the initial sludge and in the combined solution were 5 and 2 mg-N/L, respectively.The initial MLVSS was
880mg/L.Samplesweretaken every 10minutes duringthe anaerobic condition and every20 minutes duringthe aerobic
condition. Thisexperiment was conducted underroom temperature condition. Theprofile of phosphorus release and uptake
is shown in Figure 17.
Thephosphorus release wasslowin the initial 30 minutes andrapid in the following 20 minutes. Forthe next 10minutes,
the phosphorus released was taken up slightly (approximately 0.2 mg-P/L).The specificphosphorus releaserate was 0.064
mg-P/g VSS/min [(4.7 -1.3)/60/0.880], and the specific phosphorus uptake rate was 0.034 mg-P/g VSS/min [(4.7 -
1.1)/120/0.880]. The total phosphorus released was obtained from the difference between theinitial phosphorus
concentrationand the phosphorus concentrationat the end ofanaerobic stage. Even though it is uncertain what causes the
lag andbumpin the phosphorus releaseand uptake,the phosphorus releaserates are comparable with reported values
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Figure 17. Phosphorus release/uptake profile ofAshland wastewater.
